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I. INTRODUCTION 
A metallochromic or metallof luoroc hromic indicator is an 
organic compound which changes color or fluorescence upon reaction 
with a metal ion. The first of these indicators was Eriochrome Black T, 
an azo compound, used by Biedermann and Schwarzenbach ( 4) as 
indicator in the titration of calcium plus magnesium with disodium 
ethylenediaminetetraacetate (EOTA). The unique feature of this 
indicator is that magnesium, one of the elements being titrated, 
participates with the indicator in the color change at the end point. 
Eriochrome Black T itself is colored blue at pH 10 but unites with 
magnesium at this pH to form a red, slightly-dissociated compound. 
At the end-point, the first excess of EDTA, the titrating agent, pulls 
the magnesium away from the indicator, causing the color to change 
from red to blue and clearly marking the end-point of the titration. 
The necessary and sufficient conditions for an azo compound to 
unite with magnesium and with calcium were established by JDiehl and 
Ellingboe (6). Other dihydroxyazo compounds have been proposed as 
metallochromic indicators, in particular one designated Calmagite 
synthesized and popularized by Oiehl and Lindstrom (7) as a stable 
replacement for Eriochrome Black T. 
The second big advance in the field of metallochromic indicators 
was also made by Schwarzenbach who introduced into phenolphthalein 
type indicators the chelating group methyleneiminodiacetic acid 
(Schwarzenbach and coworkers) (13, 14, 1). This principle and the 
same chelating group was used by Diehl and Ellingboe (5) in the 
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synthesis of a, metallochromic indicator which also exhibited 
fluorescence. The methyleneiminodiacetic acid group was introduced 
into the fluorescent molecule fluorescein and the latter, itself an 
acid-base indicator, converted into a chelating molecule responsive 
to calcium and magnesium. This indicator, fluorescein bism ethylene-
iminodiacetic acid, the first metallofluorochromic indicator, was 
given the common name Calcein. It has found extensive use in the 
determination of calcium in the presence of magnesium in all manner 
of natural and manufactured products. The determination of calcium 
is carried out by titration at high pH, 12.5 to 13, with EOT A; at this 
pH magnesium is precipitated as magnesium hydroxide and does not 
interfere. The calcium derivative of Calcein exhibites a yellowish 
green fluorescence which disappears at the end-point in the EDTA 
titration. 
The composition, structure and properties of Calcein were the 
subject of the Ph. D. thesis of A. J. Hefley (8) who showed that two 
methyleneiminodiacetic groups are present in the molecule and that one 
and then a second atom of calcium entered into combination with the 
molecule. Nuclear magnetic resonance studies of Calcein by Hefley 
made it likely that the two methyleneiminodiacetic acid groups occupy 
positions 4' and 5' in the molecule of fluorescein but the evidence was 
not completely unequivocal. 
The present investigation is concerned with analogs of Calcein 
derived from the three possible dimethylfluoresceins and was undertaken 
to assist in establishing the structure of Calcein, to determine the 
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effect of substituent groups on the union of such chelating reagents with 
calcium and magnesium, and to confirm and extend some chemistry 
in the field of the oxygen heterocyclic, the fluorans. 
Many other fluorescent acid-base indicators exist. Omdorff and 
Allen (12) reported the synthesis of three dimethyldihydroxyfluorans. 
The three isomers (alpha-, beta- and gamma-dimethyldihydroxyfluoran) 
were synthesized by the condensation of orcinol and phthalic anhydride. 
CE^ ^ ,0 .OH 
HO / "0 CH. 
C=0 ^ 
alpha-'ilmethyldlhydroxy-
fluoran 
beta-iimethyldlhydroxy-
fluoran 
/ 
4 
gamma-cL'niethyldlhydroxy-
fluoran 
In the present work, the three dimethyldihydroxyfluorans were 
prepared, separated and purified by a new method, and characterized. 
The purity, composition, structure and properties of each of these 
isomers have been established. 
The methyleneiminodiacetic acid derivatives of each of the three 
dimethyldihydroxyfluorans have been prepared, purified and studied as 
metallofluorochromic indicators. The methyleneiminodiacetic acid 
groups have been introduced into the parent fluoran by condensation 
with formaldehyde and iminodiacetic acid. The purity, composition, 
structure and properties of each of the derivatives have been established. 
The methyleneiminodiacetic acid group has been introduced into 
the parent fluoran at positions 4' and 5' in the orcinol ring. 
/ 
5 
R R 
,CH 
HO 
C=0 
alpha-dlmethyldihydroxy-
fluoranmethyleneimlno-
dlacetic acid 
R R 
OH 
CH HO 
c=o 
betardiraethyldihydroxy-
fluoranïïiethylenelmino-
dlacetlc acid 
HO 
CH CH 
.C=0 
çamma-dimethyldihydroxy-
fluoranmethyleneimlno-
dlacetlc acid 
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Thus the three m ethylene! minodiac etic acid derivatives are 1', 8'-
dihydroxy-3', 6'-dimethyl-4' 5'-bis /Ji, N'-di(carboxymethyl)-amino-
m e t h y l j y f l u o r a n ,  3 ' ,  8 ' - d i h y d r o x y - l ^  6 * - d i m e t h y l - 4 ' ,  5 ' - b i s N ' -
di(carboxymethyl)-aminomethyl_y fluoran, and 3', 6'-dihydroxy-r, 8'-
dimethyl-4', 5'-bis /TJ, N'-di(carboxymethyl)-aminomethylJ7fluoran. 
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II. THE DIMETHYLDIHYDROXYFLUORANS 
A. Experimental Work 
1. Synthesis 
a. Apparatus and reagents Infrared spectra were obtained 
with a Perkin-Elmer Model 21 Infra-Red Spectrophotometer. 
Nuclear magnetic resonance spectra were obtained with a Varian 
Associates A-60 Nuclear Magnetic Resonance Spectrometer. 
Mass spectra were obtained with an Atlas CH4 Mass Spectrometer. 
Clear, precision ground glass NMR tubes of 0. 5 cm. o. d. were 
used for all NMR work. 
Fuming-sulfuric acid (20-23 per cent), reagent grade, was 
obtained from the Baker Chemical Company. 
Phthalic anhydride, analytical reagent grade, was obtained from 
the Mallinckrodt Chemical Works. 
Orcinol monohydrate (1, 3-dihydroxy-5-methylbenzene 
monohydrate), an off-white powder, was obtained from the Eastern 
Chemical Corporation, Pequannock, New Jersey. 
All water used was distilled and deionized by passage through 
Amberlite MB-1 ion exchange resin. 
All reagent chemicals were of reagent grade quality. 
b. Analysis of orcinol , The analysis used to ascertain 
purity and composition of the commercial orcinol were: 
1. Loss on heating 
2. Melting point 
3- Infrared spectroscopy 
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4. Nuclear magnetic resonance 
5. Mass spectroscopy 
1. Loss on heating A known weight of oreinol 
hydrate was heated for 12 hours at 50° C. 
2. Melting point The commercial material melted 
sharply at 54° C. Orcinol that had been heated for two hours at 
90-100° C. gave a sharp melting point of 113° C. 
3. Infrared spectroscopy Infrared spectra were 
obtained on potassium bromide pellets of orcinol. Spectra were run on 
three samples. The first spectra was of the commercial material as 
obtained. The second spectra was of material previously heated for 
two hours at 100° C. The third spectra was of this anhydrous material 
after manual addition of water to the pellet. 
4. Nuclear magnetic resonance A solution of 
orcinol in chloroform with a trace of DMSO, to enhance solubility, was 
used to obtain the spectra. TMS was added as the reference standard. 
The anhydrous orcinol was used. 
5. Mass spectroscopy Mass spectra were 
obtained at an electron beam energy of 70 electron volts. The instrument 
scanned to 190 mass units, but found 124 the highest recorded peak. 
c. Condensation of orcinol and phthalic anhydride To 
0.135 mole (20. 0 grams).of phthalic anhydride was added 0.270 mole 
(38. 3 grams) of orcinol monohydrate with stirring. The mixture was 
fused for thirty minutes at 100°, whereupon the white solid mass 
became a light yellow liquid. This was followed by the dropwise 
addition of 20 ml. of fuming sulfuric acid with continued stirring. 
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Within a few minutes the reaction became very exothermic and a dark 
red almost black viscous liquid was formed. The reaction was allowed 
to proceed at 90° to lOOP for two hours. The viscous liquid was 
cautiously poured into 1 M sodium hydroxide solution. The material 
adhering to the reaction flask was dissolved by several additions of 
sodium hydroxide solution. The basic solution was dark red almost 
black. The reaction products were precipitated by the dropwise 
addition of 1:1 hydrochloric acid with vigorous stirring. Acid was 
added until the solution measured pH 1. The solution and precipitate 
were bright yellow-orange. The mixture was allowed to stand for 
twenty-four horrs, then filtered and the solid air dried for twenty-four 
hours. The solid was then dried under vacuum at 60° for twenty-four 
hours and subsequently stored in a desiccator over magnesium 
perchlorate. 
2. Separation and purification 
a. Method of Orndorff and Allen The first method attempted 
was that of Orndorff and Allen (12). This method, carried out in 
pre-pH times, was apparently based on the acidic behavior of the 
isomers. The isomers were extracted from diethyl ether solutions 
into 1 M sodium carbonate solutions. 
The semi-dried mixture of isomers was extracted into diethyl 
ether. Material that did not extract into the ether was discarded. The 
ether solution of the three isomers was extracted with 1 M aqueous 
sodium carbonate solution. All of gamma-dimethyldihydroxyfluoran 
and some of the beta-dimethyldihydroxyfluoran were extracted into the 
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aqueous layer. All of alpha-dimethyldihydroxyfluoran and most of beta-
dlmethyldlhydroxyfluoran remained in the ether layer. The ether layer 
containing the two isomers was then extracted with 1 M sodium 
carbonate solution. The beta-dimethyldihydroxyfluoran was extracted 
into the aqueous layer, the alpha - dimethyldihydroxyf luoran remained 
in the ether layer. The crude extractions were further purified. 
b. Solvent for extraction The reaction mixture containing 
the three dimethyldihydroxyfluorans as described on p. 8-9 was 
dissolved in an organic phase. Each of the three dimethyldihydroxy­
fluorans was then selectively extracted from the organic phase into an 
aqueous phase. 
The following characteristics of each possible organic solvent 
were noted: 
1. solubility of the dimethyldihydroxyfluorans 
2. miscibility with water 
3. density 
4. acid-base properties 
5. toxicity, stability and ease of handling 
6. boiling point 
7. commercial availability and purity 
The following possible solvents were investigated: methyl, 
ethyl, n-propyl, n-butyl and isopentyl alcohol; ethyl acetate; acetone, 
di-n-propyl and dimethyl ketone, cyclohexanone; di-ethyl and di-n-propyl 
ether, furan, tetrahydrofuran and 1, 4-dioxane; dimethylformamide; 
pyridine; acetonitrile, carbon disulfide, ethylene dichloride, dimethyl 
sulfoxide, carbon tetrachloride and chloroform; benzene, toluene. 
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m-xylene and chlorobenzene. 
c. Separation as a function of pH 
1) Apparatus and reagents A Beckman pH meter 
was used for pH measurements. A glass electrode was used as the 
indicating electrode and a saturated calomel electrode as the 
reference electrode. 
Buffers in increments of 0. 5 pH units were prepared covering 
the pH range seven to fourteen. 
2) Procedure: determination of optimum pH The 
crude mixture of isomers was extracted into the organic phase, diethyl 
ether or methyl isobutyl ketone. The first extraction was from the 
organic phase with 100 ml. water. All subsequent extractions were 
made using the prepared buffers, 100 ml. buffer solution per 
extraction. The pH of each aqueous extraction was measured, adjusted 
if necessary with aqueous sodium hydroxide and the same aqueous 
extract recombined with the ether layer, the mixture shaken and the pH 
again measured. The process was repeated until the desired pH was 
reached. This required up to five additions of base per extraction. 
The pH was varied in 1 pH unit increments from pH 3 to pH 7 and in 0.3 
to 0. 5 pH unit increments from pH 7 to pH 14. The response of the 
glass electrode in the aqueous solution containing small amounts of 
dissolved organic solvent was very slow. Two minutes were allowed 
for stabilization prior to each pH reading. Each set of extractions was 
then acidified with dilute hydrochloric acid, diluted with water and 
allowed to stand overnight to assure complete precipitation. The 
material was filtered and then dried under a vacuum over magnesium . 
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perchlorate. The dried material was weighed and an NMR spectrum 
in D20-Na0D plus Tier's Salt run. The isomer extracted was 
determined by NMR analysis, color of the basic solution, fluorescence 
of the basic solution, and color of the acid precipitate. See Figure 1 . 
3\ Procedure: selective extraction of alpha-, beta- and 
gamma-dimethyldihydroxyfluoran Extractions from the organic 
phase were made with buffers at pH 7, 9, 11, and 13. Each set of 
extractions was heated to just below boiling for one hour to volatilize 
any organic solvent. Dilute (3 M) hydrochloric acid was added dropwise 
with stirring until the pH of each solution was 2. The solutions were 
digested for another hour at below boiling. The solution and precipitate 
were allowed to cool overnight, filtered and the solid vacuum dried for 
24 hours. The solid was stored under vacuum over magnesium 
perchlorate. 
3. Properties and structure 
a. Apparatus and reagents Mass spectra were obtained 
using an Atlas CH4 Mass Spectrometer. 
Infrared spectra were obtained using a Per kin-Elmer Model 21 
Infrared Spectrophotometer. 
Nuclear magnetic resonance spectra were obtained using a 
Varian Associates A-60 Nuclear Magnetic Resonance Spectrometer. 
Clear, precision ground glass NMR tubes of 0. 5 cm. o. d. were used 
for all NMR work. 
A Leeds and Northrup pH meter was used to monitor the 
non-aqueous and aqueous potentiometric titrations. "Fhe glass 
Figure 1. Extraction number as a function of pH, weight of material 
extracted and isomer extracted as determined visually and 
by NMR analysis 
A. Mixture, not identified 
B. Pure gamma-dimethyldihydroxyfluoran 
C. Gamma-dimethyldihydroxyfluoran and beta-dimethyldihydroxyfluoran 
D. Pure beta-dimethyldihydroxylfuoran 
E. Beta-dimethyldihydroxyfluoran and alpha-dimethyldihydroxyfluoran 
F. Pure alpha-dimethyldihydroxyfluoran 
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indicating electrode was a Coming silver/silver chloride internal 
reference, high alkalinity electrode, catalog #475024. A modified 
sleeve-type saturated calomel electrode was used as the reference 
electrode in the non-aqueous potentiometric titrations. A saturated 
solution of potassium chloride in methanol was used as the internal 
salt solution. A saturated calomel sleeve-type electrode was used as 
the reference electrode in the aqueous potentiometric titrations. 
Ultraviolet and visible spectra were obtained using a Carey 14 
Spectrophotometer. Perkin-Elmer quartz cells of 10.0 mm. internal 
path length were used. 
b. Mass spectroscopy Mass spectra were obtained at an 
electron beam energy of 70 electron volts. The mass scale up to 450 
mass units was scanned. The highest recorded peak for each isomer 
was 360 mass units. 
c. Infrared spectroscopy Infrared spectra were obtained 
on potassium bromide pellets of alpha-, beta- and gamma-dimethyl-
dihydroxyf luoran. 
d. Nuclear magnetic resonance spectroscopy A solution 
of the isomer in either D20-Na0D plus Tier's Salt or in dimethyl 
sulfoxide plus TMS was used to obtain the spectra. 
e. Melting point data Melting point determinations were 
made with a mercury thermometer by placing the sample between two 
cover glasses on the stage of a polarizing microscrope which was 
heated electrically at a constant rate. 
f. Fluorescence The presence of fluorescence was 
qualitatively detected using radiation from a General Electric 15 watt 
1 
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fluorescent lamp. 
g. Elemental analysis Alpha-, beta-and gamma-
dimethyldihydroxyf luoran were analyzed directly for carbon and hydrogen. 
Oxygen was determined by difference. 
h. Residue on ignition The non-volatile metal content of 
alpha-, beta- and gamma-dimethyldihydroxyfluoran was determined by 
ignition. Samples of approximately 0.5 grams of each isomer were 
ignited in platinum crucibles at red heat with ample access to air and 
the weight of the residue determined. 
i. Solubility in non-aqueous solvents The solubility of 
alpha-, beta-and"gamma-dimethyldihydroxyfluoran was qualitatively 
determined in a number of solvents. The solubility was determined by 
adding a semimicro spatula tip of the isomer (approximately 0.1 grams) 
to 2 ml. of the solvent and shaking the mixture in a test tube. The 
mixture was allowed to stand for four hours and then the extent of 
dissolution was noted. 
j. Titrations in non-aqueous solvents A known amount of 
isomer was dissolved in the appropriate organic solvent. 
Alpha-, beta- and gamma-dimethyldihydroxyfluoran were 
dissolved in ethanol; alpha -dimethyldihydroxyf luoran was also dissolved 
in pyridine. The respective mixture was titrated potentiometrically. 
The titrant, sodium hydroxide, was in the same solvent as the isomer 
being titrated. Response of the pH meter was slow in the non-aqueous 
media. A thirty second time delay per addition of titrant was observed. 
k. Titrations in water A saturated solution of alpha-, beta-
and gamma-dimethyldihydroxy-fluoran was titrated potentiometrically 
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with standard sodium hydroxide. The titration was carried out on a 
micro scale. 
1. Acid dissociation constants by solubility measurements 
The solubility of beta-dimethyldihydroxyfluoran over the pH range 6.08 
to 8.00 was determined by buffering solutions containing an excess of 
compound at specific pH values and shaking for twelve hours to ensure 
complete equilibration. Appropriate volumes of the filtrates 
containing beta-dimethyldihydroxyfluoran were adjusted to pH 10.0, 
the pH of maximum absorbance, diluted to 100 ml. in volumetric 
flasks with 0.10 M potassium chloride, and shaken for twelve hours to 
ensure complete equilibration. The amount of compound in each 
solution was determined spectrophotometrically on a Gary 14 Spectro­
photometer, the absorbance being measured at 430 nm. The absorbance 
of these solutions was related to concentration by using a calibration 
curve prepared by making absorbance measurements on standard 
solutions. The results are shown in Table 1 . A graph of solubility 
versus 1/ shown in Figure 2 , yielded the value for the 
intrinsic solubility of beta-dimethyldihydroxyfluoran. From the values 
of solubility at known pH and from the intrinsic solubility, the first 
acid dissociation constant of the phenolic group proton was determined 
for beta-dimethyldihydroxyfluoran. 
m. Acid dissociation constants by spectrophotometric 
measurements The ultraviolet and visible absorbance spectra of 
alpha- and gamma-dimethyldihydroxyfluoran were obtained at intervals 
of 0. 5 pH units over the pH range 4.0 to 10.0. Solutions on which the 
spectra were run were prepared by mixing 10.00 ml. of the isomer 
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Table I. Solubility of beta-dimethyldihydroxyfluoran as a function 
of pH 
Compound 
beta-dimethyldihydroxyfluoran 
IT Solubility 
^ (mmoles/ml.) 
8.00 14.90 X lO"^ 
7.50 7.53x 10"^ 
7.00 5.64x 10"^ 
6.08 4.63x 10"^ 
Figure 2. Change in solubility of beta-dimethyldihydroxyfluoran with pH 
Solubility mg./lOO ml. 
o o o o o o o 
. . . . . . .  
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stock solution, 50. 0 ml. of the appropriate buffer solution, and 
diluting to 100.0 ml. with 0.10 M potassium chloride solution. The pH 
of each solution was measured after the spectra were obtained. The 
absorption spectra of alpha- and gamma-dimethyldihydroxyfluoran in 
the ultraviolet and in the visible wavelengths of light are shown in 
Figures 3, 4, 5 and 6. The absorba nee of each solution 
was plotted versus the pH of that solution for both compounds. The 
graphs are shown in Figures 7 and 8a. 
The first acid dissociation constant, that of the phenolic proton, 
of alpha- and gamma-dimethyldihydroxyfluoran was determined in the 
following manner. The absorbance of a solution containing the acid 
form of the compound, H2A, of another solution containing the anion 
form of the compound, HA , and of six additional solutions having pH 
values numerically equal to the estimated pKa value 0. 0, +0.2, -K). 4, 
+0. 5, -0. 2, and -0. 5 and thus containing both forms of the compound 
were measured on a Carey 14 Spectrophotometer. The wavelength 
range of 600 to 300 nm. was scanned. The log-ratio method was then 
used to determine the values of pKa. ' 
B. Results and Discussion 
. 1. Synthesis 
a. Analysis of orcinol The oreinol used was a non-stock 
item and was therefore subjected to careful investigation to establish 
the purity. 
1) Loss on heating A known weight of orcinol 
hydrate was heated at 50° for twelve hours and resulted in a loss of 
Figure 3. Absorption spectra of 2. 36 x 10"^ M 
alpha-dimethyldihydroxyfluoran 
A. At pH 7. 06 
B. At pH 11. 80 
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alpha-dimethyldihydroxyfluoran at pH 11. 39 
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Figure 5. Absorption spectra of 2.20 x 10 ^ M 
gam ma - dime thyldihydroxyf luoran 
A. At pH 10.00 
B. At pH 6.10 
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-5 Figure 6. Absorption spectra of 2.20 x 10 M 
gamma-dimethyldihydroxyfluoran 
A. At pH 10. 00 
B. At pH 6.10 
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1.0003 moles of water per mole of compound. No further weight loss 
was observed even after heating for several days. It was concluded 
that the commercial orcinol was a monohydrate. 
2) Melting point The commercial material 
melted sharply at 54^; Orndorff and Allen (12) reported the melting 
point to be 58°. Orcinol that had been heated for two hours at 100° 
melted sharply at 113°. This latter material was considered anhydrous. 
Orndorff and Allen reported that the anhydrous material melted at 107°. 
It appears that the orcinol available to Orndorff and Allen was of lower 
purity than the material being used in this study. 
3) Infrared spectroscopy All three infrared 
spectra were essentially identical. The broad peak at 2. 8 to 3.2 
microns was attributed to the hydroxide in orcinol and to any water 
present. The absorption band in the 6-7 and 11-15 micron region was 
indicative of 1,3, 5-aromatic substitution. The hydroxide peak of the 
anhydrous material was not as broad as that observed of the hydrated 
material, as first obtained. On the addition of water to the anhydrous 
material, the hydroxide band was broadened. 
The spectra obtained were in accord with the predicted spectra 
of orcinol. The spectra were indicative of a small amount of water of 
hydration in the commercial material, a negligible amount in the 
anhydrous material. The spectra contained sharp peaks consistent 
with high purity of sample. 
4) Nuclear magnetic resonance 
a) Operation The sweep generator swept 
the main magnetic field in the vicinity of 14,092 gauss, at which 
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energy the proton flipped from its low energy state to its high energy 
state. The sweep range was 1000 cycles per second. The methyl-silyl 
protons of either TMS (tetramethylsilane) or Tier's Salt (3-(timethylsily) 
- propane sulfonic acid sodium salt) set arbitrarily at 0.00 delta were 
used as an internal reference. The diffuse pattern of the CH2 peaks of 
Tier's Salt barely showed on the base line. TMS could be used in any 
solvent but water in which it decomposes. Tier's Salt was used in 
aqueous media. 
b) Preparation of sample Ideally, 
samples should be at least 1 M in concentration. This ideal situation 
rarely presented itself in the current work. Common NMR solvents 
included carbon tetrachloride, chloroform, acetone, benzene, 
dimethyl sulfoxide, acetic acid, acetonitrile and water. Unless the 
desired peaks are known to fall quite far (at least + 1.5 ppm) from the 
solvent peaks, a deuterated solvent is necessary. The above solvents 
are obtainable in deuterated form. A minimum solvent depth of 30 mm. 
in the NMR tube must be used. About two milliliters of TMS vapor or 
about 10 mg. of Tier's Salt was added to each sample in a solvent, and 
the tube well shaken. The methyl-silyl peak was arbitrarily set at 
zero parts per million and all subsequent measurements were made 
in reference to this peak in delta values (ppm downfield from the 
reference). 
The following solvent systems were used in the current work: 
1. D20-Na0D with Tier's Salt 
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2. d^-Dimethyl sulfoxide with TMS 
3. CHCI3 with a trace of dimethyl sulfoxide with TMS 
The following peaks were observed in the spectrum of orcinol in the 
CHCI3 - DMSO - TMS solvent system. (Figure 8b.) 
The singlet at 2.19 delta integrating to three protons was 
attributed to the -CHg group protons. By comparison, the -CHg group 
protons of toluene neat appear at 2.32 delta (3). 
The singlet at 2.62 was attributed to the -CHg group protons 
of dimethyl sulfoxide. By comparison, the -CHg group protons of 
dimethyl sulfoxide neat appear at 2.62 delta (3). 
The singlet at 6.22 delta integrating to three protons was 
at t r ibuted to the 2, 4, 6 protons of the aromatic ring. The 6-8 delta 
region is characteristic of aromatic protons. 
The.singlet at 7.28 delta was attributed to tlie proton of CHCI3. 
2 
orcinol 
ch^ 
F igure 8b. A proton magnetic resonance spectrum of 
orcinol in chloroform-dimethyl sulfoxide 
A. Methyl hydrogen atoms (3) 
B. Methyl hydrogen atoms of dimethyl sulfoxide 
0 . 0  1.0 
PPM (delta) 
Figure 8b. (Continued) 
G. Ring hydrogen atoms (3) 
D. Hydrogen atoms of chloroform 
wdd 
o ' s  0*9 0  v  0*8 
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By comparison, the proton of CHCI3 neat appears at 7.27 delta (3). 
The singlet at 9.03 delta integrating to two protons was 
attributed to the two -OH group protons. The -OH group proton appears 
in the range 7 - 16 delta. 
No water peak was observed. Water usually appears at 4. 6 
delta, although the exact shift is solvent and pH dependent. 
The NMR spectra was in accord with the structure of orcinol. 
5. Mass spectroscopy 
a. Operation The mass spectrometer 
bombarded the sample with an electron beam and quantitatively recorded 
the result as a spectrum of positive ion fragments. Separation of the 
positive ion fragments was on the basis of mass/charge; the majority 
of ions being singly charged. 
Up to 190 mass units were scanned, but the 124 peak was the 
highest recorded peak. The 124 peak was both the molecular ion and 
the parent peak. The 124 peak corresponded to the theoretical 
molecular weight of the anhydrous material. Any water of hydration 
had been pumped away by the time the high vacuum vapor phase spectra 
of the material being examined was recorded. The orcinol gave a 
complex spectra. Present were peaks at 108, 107, 106, and 105 
indicative of the benzene hydroxy plus one methyl group, minus one 
hydrogen, minus two hydrogens and minus three hydrogens. Phenol at 
55 mass units and tolyl (C5H5CH2) at 91 mass units were also present. 
The phenyl and benzene peaks were found at 77 and 78 mass units. The 
C5H5 peak at 65, characteristic of benzene ring rearrangements, was 
also prominent. 
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The molecular weight was verified as 124 for the anhydrous 
orcinol and was in accord with the predicted molecular weight. The 
spectrum obtained was characteristic of orcinol. 
As a result of the loss on heating, melting point, infrared 
spectroscopy, nuclear magnetic spectroscopy and mass spectroscopy 
data it waè concluded that the commercial orcinol was of high purity 
and a monohydrate. The commercial orcinol was used as received 
without further purification. 
b. Condensation of orcinol and phthalic anhydride 
The reaction products were extremely heat sensitive. Temperatures in 
excess of 100° caused drastically reduced yields and also considerable 
tar formation. 
To ascertain the conditions best suited for the synthesis, the 
reaction was allowed to proceed for one hour, two hours and three 
hours respectively. Reduced yields were noted for the one hour and 
three hour reaction times. The one hour reaction time was insufficient 
kinetically and the three hour decomposed the product once formed. 
Product yield for the two hour reaction time was 96.7 per cent. The 
two hour reaction time with careful temperature control showed no 
evidence of tar formation. 
2. Separation and purification 
a. Method of Omdcaff and Allen The purification of the 
crude extraction of the three isomer mixture by the method of Omdorff 
(12) was involved and tedius. Large amounts of solvent were required, 
up to four liters solvent per 30 grams crude product. The alpha- and 
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beta- isomers were isolated by this method, but the gamma- isomer 
was lost along the way. 
The products (that is, the alpha- and beta- isomers) isolated 
by the method of Orndorff and Allen were subjected to NMR analysis. 
Analysis of the NMR spectra showed that the final alpha- isomer 
fraction and final beta- isomer fraction were not pure but each fraction 
was contaminated with small amounts of the other isomers. The loss 
of the gamma- isomer was attributed to its solubility in the large 
amounts of solvent necessitated by this procedure. 
b. Solvent for extraction The organic solvent for the 
extraction of the dimethyldihydroxyfluorans must have the following 
properties : 
1. Must be highly polar so that the dimethyldihydroxyfluorans 
are appreciably soluble. 
2. Must be immiscible with water such that subsequent 
extractions with aqueous solutions are feasible. 
3. Should have a density much different from one to accelerate 
the rate of separation of the organic phase from the aqueous 
phase. 
4. Must have no acid-base properties such that at high pH the 
isomers can be extracted into the aqueous layer without 
competition from any organic bases formed. 
5. Should not be toxic, should be relatively stable and easily 
handled. 
6. Should be commercially available at relatively low cost and 
high purity. 
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The mixture of dimethyldihydroxyfluorans as described on p. 8-9 
were extracted from the alcoholic organic phase into the aqueous phase 
only at pH less than 10. 
Ethyl acetate was hydrolyzed slowly under the very basic and 
slow steps in the extraction. At high pH, the dimethyldihydroxyfluorans 
remained in the organic phase. 
The lower ketones (acetone and di-n-propyl ketone) are miscible 
with water and therefore could not be used. Appreciable amounts of 
sample were soluble in cyclohexanone; this solvent is slightly soluble 
in water (50 g. /I at 30°) and has a density (0.9421) very close to water. 
The separation of cyclohexanone and the aqueous layer was slow. 
Appreciable amounts of sample were soluble in methyl iso-butyl ketone. 
Methyl iso-butyl ketone is only slightly soluble in water (2 g. /100 g. 
water at 20°), readily dissolved the dimethyldihydroxyfluorans, has a 
density of 0. 801, has a boiling point of 117°/760 mm., is relatively 
safe to work with and is commercially available at high purity and 
relatively low cost. Methyl iso-butyl ketone was subsequently used as 
an extraction solvent. 
The ethers (diethyl ether, di-n-propyl ether, furan, tetrahydro-
furan and 1,4-dioxane) showed excellent properties with respect to 
solubility of the dimethyldihydroxyfluorans, immiscibility with water, 
solvent action on the dimethyldihydroxyfluorans, low boiling point and 
commercial availability at high purity. Ethers do form peroxides 
which are explosive on heating. Diethyl ether has a low boiling point 
(35°/760 mm.) and is commercially available at high purity. Diethyl 
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ether was also used as an extraction solvent. 
Amides, such as dimethylformamide, did dissolve the dimethyl-
dihydroxyfluorans, but were miscible with water. 
Amines, such as pyridine, dissolved the dimethyldihydroxy-
fluorans but are miscible with water. 
The non-aromatic solvents (acetonitrile, carbon disulfide, 
ethylene dichloride, dimethyl sulfoxide, carbon tetrachloride, chloroform, 
and ethylene dichloride) and aromatic hydrocarbons (benzene, toluene, 
m-xylene, and chlorobenzene) did not dissolve appreciable amount of 
the dimethyldihydroxyfluorans. 
Both diethyl ether and methyl iso-butyl ketone were used as 
solvents for extraction of the dimethyldihydroxyfluorans. Methyl iso-
butyl ketone was superior to the diethyl ether in safe handling at boiling 
point temperatures. Separation of the organic-aqueous phases, however, 
was slower than with the diethyl ether. 
c. Separation as a function of pH Models of the three isomers 
indicate that in each the three fused benzene rings are coplanar, the 
phthalic anhydride ring being at right angles to this plane. The phthalic 
anhydride ring was therefore in position for intramolecular hydrogen 
bonding between the hydroxy protons in the 1' and U positions and the 
oxygen atoms of the phthalic anhydride ring. This intramolecular 
hydrogen bonding decreases the acidity of the isomer because the 
proton in more firmly bound between two oxygen atoms and less 
available to react with base. On this basis, the gamma isomer should 
be the most acidic, the beta intermediate and the alpha the least acidic. 
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Ch« or HO 
CHc or OH y OH or CH 
OH or CH^ .. 
orcinol 
ring 
phthalate 
ring 
The gamma isomer should extract into a slightly basic buffer solution, 
the beta isomer into a more basic buffer solution and the alpha isomer 
into a strongly basic buffer solution. 
À series of extractions from the organic phase into buffers of 
known pH was made. Each successive extraction was analyzed as to pH 
of the extracted solution, weight of material extracted and isomer 
extracted. The isomer extracted was determined by analysis of the 
NMR spectra, presence or lack of fluorescence, and color of the isomer 
in basic solution. Four sets of extractions were necessary to obtain 
pure isomers. Tar was removed by extraction at pH 7, gamma-
dimethyldihydroxyfluoran at pH 8.95, beta-dimethyldihydroxyfluoran at 
pH 10.75 and alpha-dimethyldihydroxyfluoran at pH 13. 00. 
Extraction of crude material at pH 7, 9, 11 and 13 did give a 
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trace of unreacted material, pure gamma-dimethyldihydroxyfluoran, 
pure beta-dimethyidihydroxyfluoran and pure alpha-dimethyldihydroxy-
fluoran. There was no cross-contamination of isomers in each fraction 
as determined by NMR analysis. 
3. Properties and structure 
a. Structure assignments of Omdorff and Allen The 
original structure assignments of the dimethyldihydroxyfluorans by 
Orndorff and Alien (12) proved to be correct. 
Orndorff and Allen ascribed the fluorescent isomer to be gamma-
dimethyldihydroxyfluoran, the -OH groups at positions 3' and 6' in the 
orcinol ring. Their assignment of structure was based on Meyer's 
work (10). Meyer had independently synthesized fluorescein and the 
fluorescent di-methyl structural analog, that is, gamma-dimethyldi­
hydroxyfluoran. Correlation of properties led Meyer to assign similar 
structures to both compounds. 
Orndorff and Allen ascribed the other symmetrical isomer to be 
alpha-dimethyidihydroxyfluoran, the -OH groups at positions 1* and 8' 
in the orcinol ring. Their assignment of structure was based on 
Baeyer's work (2). Baeyer had independently synthesized phenyl-2, 2'-
dioxyxanthanol, 1,8-dinitrofluorescein and l', 8-dihydroxy-3', 6-dimethyl-
fluorescein, that is, alpha-dimethyldihydroxyfluoran. Correlation of 
properties led Baeyer to assign similar structures to all three compounds. 
Omdorff and Allen attributed the remaining unsymmetrical isomer 
to be beta-dimethyldihydroxyfluoran, the -OH groups at positions 3' and 
8' in the orcinol ring. Omdorff and Allen predicted and confirmed 
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beta-dimethyldihydroxyfluoran to have properties intermediate between 
those of gamma- and alpha-dimethyldihydroxyfluoran. Specifically, 
gamma-dimethyldihydroxyfluoran, the strongest acid, readily absorbed 
two molecules of ammonia per molecule of compound; beta-dimethyl­
dihydroxyfluoran absorbed some ammonia; and alpha-dimethyldihydroxy­
fluoran, the we&kest acid, absorbed none. 
b. General The alkaline solution of each of the three 
isomers was colored differently: gamma-dimethyldihydroxyfluoran was 
dark red almost black with a green cast; beta-dimethyldihydroxyfluoran 
red-brown almost black; and alpha -dimethyldihydroxyfluo ran dark purple 
almost black. 
The colors of the three isomers in acid solution were also 
different. Gamma-dimethyldihydroxyfluoran was bright orange when 
just acidified and changed to pale orange on standing; beta-dimethyl­
dihydroxyfluoran was yellow to ivory; alpha-dimethyldihydroxyfluoran 
was consistently white. 
c. Mass spectroscopy The mass scale up to 450 mass 
units was scanned. The largest recorded peak found was at 360 a. m. u. 
for all three isomers. The 360 peak was both the molecular ion and the 
parent peak. The 360 peak corresponded to the theoretical molecular 
weight of the anhydrous material. The spectra of alpha-, beta- and 
gamma-dimethyldihydroxyfluoran were identical in peak position but 
differed only slightly in relative peak intensity. 
The spectra were quite complex but did give a reasonable 
degradation pattern. Peaks were present at 345, 330 and 312 indicative 
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of the parent minus one -CH3, minus one H2O, minus the second -CH3 
and minus the second CHg plus H2O. 
Phenols give a conspicuous parent peak and, under complex 
rearrangement, peaks at 77, 78, and 79. These four peaks were 
observed. The loss of CO at P-28 (parent peak minus 28) at 332, loss 
of CHO at P-29 at 331, loss of OH at P-17 at 343, loss of H2O at P-18 at 
342 were expected for phenols and were observed. 
Aromatic ethers undergo complex rearrangement giving a P-H at 
359, P-CO at 332 and P-CHO at 331. Peaks at 359, 332 and 331 were 
observed. 
The complex spectra were in accord with the proposed structures 
of alpha-, beta- and gamma-dimethyldihydroxyfluoran. The theoretical 
molecular weight of 360 a. m. u. for each isomer was also confirmed. 
d. Infrared spectroscopy The infrared spectra obtained 
of alpha-, beta- and gamma-dimethyldihydroxyfluoran were very 
similar. There were small differences in the position of the peaks and 
in the intensity of the peaks. 
The three areas of special interest were those at wavelengths 
2.75 to 2.10 microns, 5.70 to 5. 80 microns, and 13 to 15 microns. 
The region 2.75 to 3.10 microns is characteristic of OH 
stretching vibrations. The alpha- and gamma-dimethyldihydroxyfluoran 
gave a sharp peak with a small shoulder, indicative of complex inter­
actions. The beta-dimethyldihydroxyfluoran gave a sharp, single peak. 
The peak at 5.74 to 5.80 microns is characteristic of C-0 
stretching vibrations. The strong C-0 stretching mode of esters and 
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lactones in the 7. 70 and 10. 0 micron region was also present. 
The 13 to 15 micron region was characteristic of a multisubstituted 
aromatic compound. 
The three infrared spectra were in accord with the proposed 
structures of alpha-, beta- and gamma-dimethyldihydroxyfluoran. 
e. Nuclear magnetic resonance spectroscopy Ideally, 
samples for NMR analysis should be at least 1 M inconcentration. This 
ideal situation rarely presented itself in the current work. The isomers 
were only slightly soluble in common organic solvents. The isomers 
were slightly more soluble in aqueous base than in dimethyl sulfoxide. 
However, the D20-Na0D exchanged with acidic protons, here phenol, 
and thus the acidic protons did not appear on the spectrum. The 
isomers were somewhat soluble in trifluoroacetic acid. 
Observed in the NMR spectra of alpha-dimethyldihydroxyfluoran in 
D20-Na0D plus Tier's Salt was a 1:2:1:4:6 proton ratio; in dimethyl 
sulfoxide plus TivS a 2:1:2:1:2:2:6 proton ratio; and in trifluoroacetic 
acid plus TMS a 1:2:2:1:2:6 proton ratio. The results are summarized 
in Table 2 and Figure 9. 
alpha-dimethyldihydroxy 
fluoran 
5 
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Table 2. The peak positions, the proton integrations and the group 
bearing the proton obtained from the NMR spectrum of alpha-
dimethyldihydroxyfluoran in D20-Na0D, dimethyl sulfoxide 
and trifluoroacetic acid 
Solvent 
Peak 
position 
(PPm) 
Proton 
integration Group bearing protons 
d20-na0d 
d^-dimethyl 
sulfoxide 
trifluoro­
acetic acid 
2.13 
6.02 
7.13 
7.54 
7.97 
2.22 
6.28 
6.55 
6.98 
7.46 
7.70 
9.60 
2.67 
6.95 
7.47 
7.18 
7.80 
8.42 
6 
4 
1 
2 
1 
6 
2 
2 
1 
2 
1 
2 
6 
2 
2 
1 
2 
1 
two -CH3 protons 
2', 4', 5', 7' protons of orcinol ring 
7, proton of phthalate ring 
5, 6 protons of phthalate ring 
4 proton of phthalate ring 
two -CHg protons 
4% 5' protons of orcinol ring 
2', 7' protons of orcinol ring 
7 proton of phthalate ring 
5,6 protons of phthalate ring 
4 proton of phthalate ring 
r, 8' -OH protons 
two -CHg protons 
4', 5' protons of orcinol ring 
2', 7' protons of orcinol ring 
7 proton of phthalate ring 
5,6 protons of phthalate ring 
4 proton of phthalate ring 
Figure 9. A proton magnetic resonance spectrum 
of alpha-dimethyldihydroxyfluoran in 
trifluoroacetic acid 
A. Methyl group protons (6) 
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3.0 2.0 
PPM (delta) 
Figure 9. (Continued) 
B. 4', 5' protons of the orcinol ring (2) 
C. 7 proton of the phthalate ring (1) 
D. 2', 7' protons of the orcinol ring (2) 
E. 5, 6 protons of the phthalate ring (2) 
F. 4 proton of the phthalate ring (1) 
9 . 0  
PPM (delta) 
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The singlet integrating to six protons at 2.13 delta in D20-Na0D, 
at 2. 22 delta in dimethyl sulfoxide and at 2.67 delta in trifluoroacetic 
acid was attributed to the two methyl group protons. By comparison, 
the methyl group of toluene neat falls at 2. 32 delta (3). 
The singlet integrating to four protons at 6.02 delta in D20-Na0D 
was attributed to the orcinol ring protons. 
The two singlets at 6.28 delta and 6. 55 delta in dimethyl 
sulfoxide and at 6.95 delta and 7.47 delta in trifluoroacetic acid 
were attributed to the orcinol ring protons. Protons 4' and 5' are in 
identical environments as are protons 2' and 7'. The 4' and 5' protons 
are each ortho to a methyl group and an ether group. The 2' and 7' 
protons are each ortho to a methyl group and a hydroxy group. The 
hydroxy group has a stronger deshielding effect than the ether group. 
Therefore, the 2' and 7' protons are further downfield than the 4' and 
5' protons. The 2' and 7' protons are thus assigned to the singlet at 
6. 55 delta (dimethyl sulfoxide) and at 7. 47 delta (trifluoroacetic acid); 
and the 4* and 5' protons at 6.28 delta (dimethyl sulfoxide) and at 6.95 
delta (trifluoroacetic acid). 
The multiplets integrating to 1:2:1 protons were attributed to 
the phthalate ring protons. The phthalate ring protons were observed 
at 7.13 delta, 7. 54 delta and 7.97 delta in D20-Na0D; at 6.98 delta, 
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7. 46 delta and 7. 70 delta in dimethyl sulfoxide; and at 7.18 delta, 7. 80 
delta and 8.42 delta in trifluoroacetic acid. 
Inspection of the phthalate ring proton spectra indicates that 
two protons are each ortho to a central group. That is, an AB2C system 
is present. The 4 proton is splitting the 5 and 6 protons into a doublet. 
The 7 proton is splitting the 5 and 6 protons into a doublet. 
The 4 proton, being ortho to a -CO2R group, is the most 
deshielded and therefore appears the furthest downfield. The peak at 
7.97 delta (D20-Na0D), at 7. 70 delta (dimethyl sulfoxide) and at 8. 42 
delta (trifluoroacetic acid) was attributed to the 4 proton of the 
phthalate ring. 
The 5 and 6 protons are less intensely but about equally 
deshielded by the carbonyl. The peak integrating to two protons at 
7. 54 delta (D20-Na0D), at 7. 46 delta (dimethyl sulfoxide) and at 7. 80 
delta (trifluoroacetic acid) was attributed to the 5 and 6 protons. 
The 7 proton was attributed to the multiplet at 7.13 delta 
(D20-Na0D), 6.98 delta (dimethyl sulfoxide) and at 7.18 delta 
(trifluoroacetic acid). 
The singlet at 9.60 delta in dimethyl sulfoxide integrating to 
two protons was attributed to the 1' and 8' -OH group protons. No 
-OH protons were observed in D20-Na0D due to rapid exchange with 
the solvent. No -OH protons were observed in trifluoroacetic acid 
bccause the -COOH proton and the -OH proton appear in the same 
place in the spectrum. 
The positions and integrations of the protons were in accord 
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with the proposed structure of alpha-dimethyldihydroxyfluoran. 
Observed in ihe NMR spectra of beta-dimethyldihydroxyfluoran 
in D20-Na0D plus Tier's Salt was a 1:2:1:2:2:3:3 proton ratio; in 
dimethyl sulfoxide plus TMS a 1:1:2:1:2:2:3:3 proton ratio; and in tri­
fluoroacetic acid a 1:2:2:1:2:3:3 proton ratio. The results are 
summarized in Tabic 3 and Figure 10. 
beta-diraethyldihy-iroxy-
fluoran 
The singlet integrating to three protons at 2.15 delta in 
D20-Na0D, at 2. 20 in dimethyl sulfoxide; and at 2.65 in trifluoroacetic 
acid was attributed to the 6' methyl group protons. The two methyl 
groups of alpha-dimethyldihydroxyfluoran at 2.13 delta (D20-Na0D), at 
2.22 delta (dimethyl sulfoxide) and at 2. 67 delta (trifluoroacetic acid) 
are structurally equivalent to the 6' methyl group of beta-dimethyl­
dihydroxyfluoran. 
The singlet integrating to three protons at 1. 45 delta in 
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Table 3. The peak positions, the proton integrations and the group 
bearing the proton obtained from the NMR spectrum of beta-
dimethyldihydroxyfluoran in D20-Na0D, dimethyl sulfoxide 
and trifluoroacetic acid 
Solvent Peak Proton Dosition integration (ppm) 
Group bearing protons 
1.45 3 r -CHg protons 
2.15 3 6' -CH3 protons 
6.05 2 4', 5' protons of orcinol ring 
6.40 2 2', 7' protons of orcinol ring 
7.13 1 7 proton of phthalate ring 
7.54 2 5, 6 protons of phthalate ring 
7.97 1 4 proton of phthalate ring 
1.56 3 1* -CHg protons 
2.20 3 6' -CHg protons 
6. 36 2 4', 5' protons of orcinol ring 
6.58 2 2', 7' protons of orcinol ring 
7.05 1 7 proton of phthalate ring 
7.58 2 5, 6 protons of phthalate ring 
7.87 1 4 proton of phthalate ring 
9.60 1 8' -OH proton 
1.97 3 1* -CH3 protons 
2.65 3 6' -CH3 protons 
6.93 2 4', 5' protons of orcinol ring 
3 fz proton of phthalatc ring 7.40/ '^',7' protons of orcinol ring 
7.92 2 5, 6 protons of phtlialate ring 
8.50 1 4 proton of phthalate ring 
D20-Na0D 
d^-dimethyl 
sulfoxide 
trifluoro­
acetic acid 
Figure 10. A proton magnetic resonance spectrum 
of Deta-diraethyldihydroxyfluoran in 
trifluoroacetic acid 
A. 1' Methyl group protons (3) 
B. 6' Methyl group protons (3) 
61 
3.0  2 .0  
PPM (delta) 
Figure 10. (Continued) 
C. 4', 5' Protons of the orcinol ring (2) 
D. 7 Proton of the phthalate ring (1) 
2', T Protons of the orcinol ring (2) 
E. 5, 6 Protons of the phthalate ring (2) 
F. 4 Proton of the phthalate ring (1) 
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D20-Na0D, at 1. 56 delta in dimethyl sulfoxide, and at 1.97 delta in 
trifluoroacetic acid was attributed to the 1* methyl group. On building 
models of the three isomers, it was found that the phthalic anhydride 
ring is perpendicular to the plane of the other three fused aromatic 
rings, that is, the orcinol ring. The phthalic anhydride ring is in 
proximity to shield, that is move upfieid, any methyl groups in the 1' 
and 8' positions. This was borne out by the NMR spectra of gamma-
dimethyldihydroxyfluoran. 
The singlet integrating to two protons at 6.40 delta and the 
multiplet integrating to two protons at 6. 05 delta in D20-Na0D were 
attributed to the 2* and 7* protons and to the 4' and 5' protons. The 
singlet integrating to two protons at 6.58 delta and the doublet 
integrating to two protons at 6. 36 delta in dimethyl sulfoxide were 
attributed to the 2' and 7' protons and to the 4' and 5' protons. The 
singlet integrating to two protons at 6.93 delta in trifluoroacetic acid 
was attributed to the 4* and 5' protons. 
The multiplet composed of two overlapping multiplets centered 
at 7.22 delta and 7. 40 delta integrating to a total of three protons was 
observed in the spectra in trifluoroacetic acid. By inspection of the 
overlapping peaks, the upfieid peak was attributed to the 7 proton of 
the phthalate ring and the downfield peak was attributed to the 2' and 7* 
protons of the orcinol ring. 
The phthalate ring protons in D20-Na0D appeared identical in 
splitting and position to those of alpha-dimethyldihydroxyfluoran in 
D20-Na0D. In dimethyl sulfoxide, multiplets at 7.05 delta, 7. 58 delta 
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and 7. 87 delta integrating to 1:2:1 protons were attributed to the 
7, 5 and 6, and 4 protons, respectively. In trifluoroacetic acid, the 
mukiplets at 7.92 delta and 8.50 delta were attributed to the 5 and 6 
protons and the 4 proton, respectively. 
The singlet at 9. 60 delta in dimethyl sulfoxide integrating to 
one proton was attributed to the 8' OH proton of the orcinol ring. The 
3'-OH proton is in position to rapidly exchange with the solvent protons. 
Also, the intra-molecular hydrogen bonding to the solvent molecules 
results in a very broad, singlet. In this case, the singlet was so 
broad as to be indistinguishable from the base line. 
The positions and integrations of the protons were in accord 
with the proposed structure of beta-dimethyldihydroxyfluoran. 
Observed in the NMR spectra of gam ma - dimethy Idihydroxy-
fluoran in D2Ô-NaOD plus Tier's Salt was a 1:2:5:6 proton ratio; in 
dimethyl sulfoxide plus TMS a 1:2:1:4:6 proton ratio; and in trifluoroacetic 
acid a 1:2:3:2:6, proton ratio. The results are summarized in Table 4 
and Figure 11. 
?amma-dimethyIdIhydroxy-
fluoran 
7 r'"'' 
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Table 4. The peak positions, the proton integrations and the groups 
bearing the proton obtained from the NMR spectrum of 
gam ma- dim ethyldihydroxyf luoran in D20-Na0D, dimethyl 
sulfoxide and trif luoroacetic acid 
Solvent 
Peak 
position 
(ppm) 
Proton 
Integration Group bearing protons 
D20-Na0D 1.45 6 two -CHg protons 
6.52 5 /2', 4', 5*, 7' protons of orcinol ring \7 proton of phthalate ring 
7.43 2 5,6 protons of phthalate ring 
8.03 1 4 proton of phthalate ring 
d^-dimethyl 
sulfoxide 
1.58 
6.47 
6 
4 
two -CHg groups 
2% 4', 5', 7' protons of orcinol ring 
6.76 1 7 proton of phthalate ring 
7.42 2 5, 6 protons of phthalate ring 
7.91 1 4 proton of phthalate ring 
trifluoro-
acetic acid 
1.90 
7.20 
6 
2 
two -CHg protons 
4', 5' protons of orcinol ring 
7.40 3 J2', 7' protons of orcinol ring \7 proton of phthalate ring 
8.05 2 5, 6 protons of phthalate ring 
8.88 1 4 proton of phthalate ring 
Figure H. A proton magnetic resonance spectrum 
of gamma-dimethyldihydroxyfluoran in 
trifluoroacetic acid 
A. Methyl protons (6) 
B. 4', 5* Protons of the orcinol ring (2) 
C. 2', 7' Protons of the orcinol ring (2) 
7 Proton of the phthalate ring ( I ) 
D. 5, 6 Protons of the phthalate ring (2) 
E. 4 Proton of the phthalate ring (1) 
68-69 
4, r 
A 
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PPM (delta) 
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The singlet integrating to six protons at 145 delta in 
D20-Na0D, at 1.58 delta in d^-dimethyl sulfoxide and at 1.90 delta 
in trifluoroacetic acid was attributed to the two methyl group protons. 
The shielding affect of the phthalic anhydride ring moved the 
aromatic methyl groups upfield from their usual position at 2.32 
delta (ref. toluene, neat, at 2. 32 delta). By comparison, the 1' 
methyl group of beta-dimethyldihydroxyfluoran structurally equivalent 
to the two methyl groups of gamma-dimethyldihydroxyfluoran was 
observed at 1. 45 delta in D^O-NaOD, at 1.56 delta in d^-dimethyl 
sulfoxide and at 1.97 delta in trifluoroacetic acid. 
The multiplet integrating to five protons at 6. 52 delta in 
D20-Na0D was attributed to the orcinol ring protons plus the 4 proton 
of the phthalate ring. The multiplets integrating to 1:2 protons at 
8. 03 delta and 7. 43 delta in D20-Na0D were attributed to the 7 proton 
and to the 5 and 6 protons of the phthalate ring. 
In dimethyl sulfoxide, the multiplet integrating to four protons 
at 6. 47 delta was attributed to the orcinol ring protons. The multiplets 
integrating to 1:2:1 protons at 6.76 delta, 7.42 delta and 7.91 delta 
were attributed to the 7, 5 and 6, and 4 protons of the phthalate ring. 
In trifluoroacetic acid, the doublet integrating to two protons 
ai 7. 20 delta was attributed to ihe 4' and 5' protons of the orcinol ring. 
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The multiplet composed of a doublet and multiplet overlapping centered 
at 7. 40 delta integrating to a total of three protons was attributed to 
the 2' and 7' protons of the orcinol ring and to the 7 proton of the 
phthalate ring. The multiplets at 8.05 delta and 8. 88 delta integrating 
to 2:1 protons were attributed to the 5 and 6 protons and to the 4 proton 
of the phthalate ring. In dimethyl sulfoxide, no phenolic protons 
were observed. This is in accord with the proposed structure. The 
3' and 6' OH group protons are in position to exchange with the protons 
of the solvent. Also, both protons are in position to intra-molecular 
hydrogen bond to the solvent molecules. This will result in a very 
broad singlet. In this case, the singlet was so broad as to be 
indi stinguishable from the base line. 
The positions and integrations of the protons were in accord 
with the proposed structure of gamma-dimethyldihydroxyfluoran, 
f. Melting point data The melting point data for alpha-, 
beta- and gam ma -dimethyldihydroxyf luoran was inconclusive. At 
250° all three isomers showed some rearrangement of crystal form, 
however, no phase change was discernable. At 280°, some charring 
was noted, and by 300° charcoal was the only product. 
g. Fluorescence Alkaline aqueous solutions of gamma-
dimethyldihydroxyfluoran were strongly fluorescent. Beta- and alpha-
di m et hy Idi hy droxyf luo ran were non-fluorescent. 
h. niemenlai analysis Alpha-, beta-and gamma-
dimethyldihydroxyfluoran were analysed for percentage carbon and 
hydrogen. Oxygen was determined by difference. The results are 
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summarized in Table 5. The percentage carbon, hydrogen and 
oxygen determined experimentally was consistent with the theoretical 
percentage for anhydrous gamma- and beta-dimethyldihydroxyfluoran 
and with hemihydrate alpha-dimethyldihydroxyfluoran. 
i. Residue on ignition The residue on ignition of 0.5 
grams each of alpha-, beta- and gamma - dimethyldihydroxyf luoran 
was found to be less than 0.1 mg^ The isomers were therefore devoid 
of non-volatile impurities. 
j. Solubility m non-aqueous solvents The solubility of 
alpha-, beta- and gamma-dimethyldihydroxyfluoran was qualitatively 
determined in a number of solvents. 
Of the solvents tested, alpha - dim et hyldihydroxyf luoran was 
slightly less soluble than beta- dim ethyldihydroxyfluoran in a given 
solvent; and gamma-dimethyldihydroxyfluoran was slightly more 
soluble than beta -dimethyldihydroxyf luoran. 
The solubility of beta-dimethyldihydroxyfluoran in a number of 
solvents is summarized in Table 6. 
In general, the isomers were highly insoluble in the many 
solvents tested. Each solvent and solid was allowed to stand for four 
hours at each dissolution attempt. 
As expected from the structure assignments of the isomers, the 
isomers were somewhat soluble only in polar solvents and in solvents 
capable of hydrogen bonding. It was also found that the solubility greatly 
decreased in the presence of a small amount of water. 
The two OH groups of gamma-dimethyldihydroxyfluoran are in 
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Table 5. Percentage carbon, hydrogen and oxygen of a^ha-, beta-
and gamma-dimethyldihydroxyfluoran and of C22H1 fiOc, 
c22hi605- 1/2 H2O, and H^O 
Compound Percentage 
carbon 
Percentage , Percentage 
hydrogen oxygen 
alpha-dirnethyl-
dihydroxyfluoran 
70.77 4.93 24. 40 
beta-dimethyl-
di hydroxyf luoran 
73.24 4.66 22.19 
gamma-dimethyl­
dihydroxyfluoran 
73.27 4. 68 22.15 
c22h16o5 
c 22^^i6^5* h2o 
^22^16^5' h2o 
73.33 
71.54 
69.84 
4. 48 
4.64 
4.80 
22.20 
23. 82 
25.37 
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Table 6. Solubility of beta-dimethyldihydroxyfluoran in various 
solvents 
Solvent Solubility^ 
Alcohols 
Methyl 
Ethyl 
n-Propyl 
n-Butyl 
iso-Pentyl 
Ketones 
Acetone 
di-n-Propyl 
Methyl iso-butyl 
Cyclohexanone 
Ethers 
di- Ethyl 
di-n-Propyl 
di-n-Butyl 
1, 4-Dioxanc 
F uran 
Tetrahydrof u ran 
Amides and Amines 
Dimethylformamide 
Pyridine 
Aliphatic organic 
Acetonitrile 
Dimethyl sulfoxide 
Chloroform 
Carbon tetrachloride 
Carbon disulfide 
Ethylene dichloride 
Ethyl acetate 
Aromatic organic 
Benzene 
Toluene 
m-Xylene 
C'hlorobenzcne 
VS 
vs 
VS 
vs 
vs 
s 
s 
vs 
vs 
vs 
vs 
vs 
vs 
s 
s 
s 
vs 
ss 
SS (S on heating) 
i 
i 
1 
VS 
i 
i 
i 
i 
^VvS = vc.-ry soluble 
S = soluble 
SS = slightly soluble 
I = insoluble 
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position to hydrogen bond with a solvent; gamma-dimethyldihydroxy-
fluoran was found to be the most soluble in dimethylsulfoxide. One 
OH group of beta-dimethyldihydroxyfluoran is in position to hydrogen 
bond with a solvent; beta-dimethyldihydroxyfluoran was found to be 
somewhat soluble in dimethyl sulfoxide. Neither of the OH groups of 
alpha-dimethyldihydroxyfluoran is in position to hydrogen bond with a 
solvent; alpha-dimethyldihydroxyfluoran was least soluble in dimethyl 
sulfoxide. 
k. Titrations in non-aqueous solvents Many acids too 
weak or insoluble for determination in aqueous media can be titrated 
in appropriate non-aqueous solvents. The choice of solvent is 
determined by that solvent's acid and base properties, dielectric 
constant and solubility of the solute. 
Alpha-dimethyldihydroxyfluoran, beta-dimethyldihydroxyfluoran, 
and gamma-dimethyldihydroxyfluoran were soluble in the polar solvents 
ethanol and pyridine. The purity of each isomer was determined by 
non-aqueous titration in ethanol or pyridine by potentiometric titration 
with standard sodium hydroxide. 
Gamma-dimethyldihydroxyfluoran was dissolved in absolute 
ethanol and titrated potentiometrically with standard sodium hydroxide 
in ethanol. The data was plotted as apparent pH versus volume titrant. 
One good end iXJint was observed. (Tioure 12. ) A firsi 
derivative ploi was cons true led to determine ihc end point of the 
til ration. The ap^xirent pll at 0 ^X)r cent litration was 3.50, at 50 per 
cent 9. 23 and at 100 per cent 12.45. 'I'he experimental equivalent 
weight was 179.91. The theoretical equivalent weight, assuming two 
Figure 12. Non-aqueous potentiometric titration of 
gamma-dimethyldihydroxyfluoran in ethanol 
with sodium hydroxide 
0. 7436 g. acid 
0.1073 N sodium hydroxide 
apparent pH 
n 
LL 
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replaceable hydrogens per molecule, was 180.18. This gave a purity of 
99.9 per cent for gam ma - dimethyldihydroxyf luoran. 
Beta-dimethyldihydroxyfluoran was dissolved in absolute ethanol 
and titrated potentiometrically with standard sodium hydroxide in ethanol. 
The data was plotted as apparent pH versus volume titrant. (Figure 13.) 
One end point was observed. The change in apparent pH in the end point 
region was smaller than that observed with ga m m a - di m et hyldi hydroxy -
fluoran, structurally proposed to be the stronger acid. A first derivative 
plot was constructed to determine the end point of the titration. The 
apparent pH at 0 per cent titration was 6.10, at 50 per cent 11. 21 and at 
100 per cent 12. 59. At 50 per cent titration, pH equals pKa in aqueous 
titrimetry. At 50 per cent titration of beta-dimethyldihydroxyfluoran the 
apparent pH was 11. 21 whereas of gamma-dimethyldihydroxyfluoran was 
9. 23. This indicated that gamma-dimethyldihydroxyfluoran was a stronger 
acid than beta -dimethyldihydroxyfluoran. The experimental equivalent 
weight of beta-dimethyldihydroxyfluoran was 180.06, the theoretical 
180. 18, the calculated purity 99.9 per cent. 
The attempted titration of alpha-dimethyldihydroxyfluoran in 
ethanol with standard sodium hydroxide in ethanol gave only dilution, 
no titration. (Figure 14. ) Therefore, alpha-dimethyldihydroxyfluoran 
was a weaker acid than both gamma- and beta-dimethyldihydroxyfluoran 
in ethanol, as expected from structure assignment. 
Alpha-dimethyldihydroxyfluoran was dissolved in pyridine, a 
solvent more basic than ethanol and titrated with standard sodium 
hydroxide. One end point in the graph of apparent pi I versus volume 
Figure 13. Non-aqueous potentiometric titration of 
beta-dimethyldihydroxyfluoran in ethanol 
with sodium hydroxide 
0. 6424 g. acid 
0.1073 N sodium hydroxide 
j_ll. — 
13-
12 -
11 -
10 -
9-
b -
Sodlum hyiroxlde - ml. 
Figure 14. Attempted non-aqueous potentiometric titration of 
alpha-dimethyldihydrox^luoran in ethanol with 
sodium hydroxide 
0. 6229 g. acid 
0. 1073 N sodium hydroxide 
00 
to 
T-Tl 
4 6 8 10 22 24 26 28 30 32 34 36 38 40 42 
Sodium hydroxide - ml. 
83 
titrant was observed. (See Figure 15. ) A first derivative plot was 
constructed to determine the end point of the titration. The experimental 
equivalent weight was 180.23, the theoretical 180.18, the purity 100.0 
per cent. 
By means of non-aqueous titrimetry, the equivalent weight of 
alpha-, beta- and gamma - dimethyldihydroxyf luoran was determined. 
All were 180.18. This corresponded to the titration of two replaceable 
hydrogen atoms per molecule. 
The purity of alpha-, beta- and gamma-dimethyldihydroxyfluoran 
was 99. 9 per cent plus. The amount of water, organic solvent of 
crystallization, or any entrapped inorganic salt was negligible. 
'I'he structure assignments from predicted acidity was borne 
out by the solvent necessary for the non-aqueous titrations and by the 
apparent pH at 50 per cent titration in a given solvent. 
1. Titrations in water The solubility in aqueous media 
and the first acid dissociation constant of alpha-, beta- and gam ma-
dimethyldihydroxyfluoran were determined by aqueous potentiometric 
microtitration. The determination was hampered by the low solubility 
and the weak acidic nature of the compounds. 
Figure 15. Non-aqueous potenciometric titration of 
alpha-dimethyldihydroxyfluoran in 
pyridine with sodium hydroxide 
0. 5347 g. acid 
0. 1075 N sodium hydroxide 
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The product of reaction (1) is further stabilized by resonance - reaction 
(2). Reaction (3) taking place would necessitate the removal of a 
second phenolic proton from an already weak acid. Such a product 
would not be further stabilized by resonance. The titration of the 
second phenolic group was not possible in water solution. The limited 
solubility in water was also a major drawback. 
88 
The micro-titration data was plotted as pH versus volume 
titrant. The pKa was assumed to equal the pH at the midpoint of the 
respective titration. (See Figures 16,17, 18). Knowing the exact 
initial volume, the exact volume and concentration of reagent added 
and the end point, the solubility of each isomer was calculated. (See 
Table 7.) 
As expected, gamma-dimethyldihydroxyfluoran proved to be a 
stronger acid than beta- and the latter stronger than alpha-. Likewise, 
gamma-dimethyldihydroxyfluoran was the most soluble and alpha- the 
least soluble in water. This data was in accord with the proposed 
structures. 
m. Acid dissociation constants by solubility measurements 
The acid dissociation constant of one of the phenolic protons of beta-
dimethyldihydroxyfluoran was determined by the method of Krebs and 
Speakman (9). This method is based on the solubility of an acid as a 
function of pH. The data obtained is summarized in Table 8. 
This method is directly applicable to a monobasic acid. Beta-
dimethyldihydroxyfluoran has two phenolic groups, however, only one 
IS involved in the neuiralization over the pH range 6. 08 to 8. 00. 
l"or a monobasic acid, the theory can be summarized as follows: 
l""or a given monobasic acid, HA, 
The acid is present in solution in the two forms HA and A . The 
relative amount of HA and A" present is a function of pH. The total 
HA = H++ A" (1) 
(2) and 
Figure 16. Aqueous potcnciometric mie roi it ration of 
alpha-dimethyldihydroxyfluoran with sodium 
hydroxide 
Saturated solution of acid 
0.1086 N sodium hydroxide 
6 
4 
2 
0 
8 
6 
4 
2 
0 
8 
6 
4 
2 
0 
90 
Sodium hydroxide - microliters 
Figure 17. Aqueous potentiometric microtitration of 
'beta-dimethyidihydroxyfiuoran with sodium 
hydroxide 
Saturated solution of acid 
0.1086 N sodium hydroxide 
92 
9.0 — 
9.4 — 
3.2 -
7.8-
7.6-
7.2 -
7.0-
Sodlum hydroxide - microliters 
Figure 18. Aqueous potentiometric microtitracion of 
gamma-dimethyldihydroxyfluoran with 
sodium hydroxide 
Saturated solution of acid 
0.1086 N sodium hydroxide 
94 
8. 2  -
7.8-
d. 
6 . 6  —  
Sodium hydroxide - microliters 
Table 7. The acid dissociation constants of the phenolic group proton and the solubility of 
alpha-, beta- and gamma-dimethyldihydroxyfluoran determined from potentiometric 
microtitration measurements 
Solubility 
Compound Ka pKa 
m moles/ml. mg. /lOO ml 
alpha-dimethyldihydroxyfluoran 2.19x10'^ 7.66 1.80 x 10 ^ 6.48 
beta-dimethyldihydroxyfluoran 1.12x10"^ 6.95 1.86 x 10"^ 6.70 
gamma-dimethyldihydroxyfluoran 1.62x10"^ 6.79 3.80 x 10'^ 13.68 
Table 8. Acid dissociation constants of the phenolic acid group proton of beta-dimethyl-
dihydrox)fluoran determined from solubility measurements 
Compound si p H Sq 
(mmoles/ml, ) 
pKa pKa 
(Equation V) (graph) 
beta-dimethyl-
di hydroxyf luoran 
4.50 X 10"^ 8.00 14.90 X 10"^ 7.64 
(0. 162 mg/100 ml. ) 7 .50 7.53 X lO'^ 7.67 
7.00 5. 64 X 10"^ 7.60 
6.08 4. 63 X  1 0 ' ^  7.62 
(Average) 7.63 
7. 64 
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material in solution, the solubility, S^, is the sum of the neutral 
molecule and of the anion in solution. 
So = (HA)+(A-)  (3)  
It is assumed that the solubility of ihc unionized acid is constant over 
I he pi I range. The solubility of the neutral molecule, HA, is the 
intrinsic solubil i ty,  Sj .  Such thai ,  
:si = (h/v) (<1) 
and So = Si+(A") (5) 
From the equilibrium expression, 
(A") = Ka (HA) (6) (h+) 
such that Sq = Sj + Kg (7) 
tht 
At high hydrogen ion concentration, approaches S^. The activities 
of the neutral molecule and the anion are assumed to be one. 
Rearrangement of licjuation (7) gives 
^o = ^i ZJ + antilog (pII-pK^)J/ (8) 
Rearranging Equation (8) gives 
pKa = pH - logf^ _l\ (9) 
v 
si 
Prior to use of Equation (9), Si must be determined. Sj can be 
determined by plotting Sq versus l/CH"^. According to Equation (7), 
extrapolation of l/(H^ to 0 gives Sj. (Figure 2.) Sj for beta-dimethyl-
dihydrox)f 1 uoran was found to be 0. 162 mg. / 100 ml. The acid 
disscx'iaiion constant was then caiculaicd using Equation (9) and by 
plotting log /^o/Si - 1_y versus pli. In the latter case, the pK^^ is the 
OS 
pH at whicli the straight line intersccis the abscissa. Both methods 
yielded essentially identical results. The results are summarized in 
Table 8. The intercept of the line in Figure 19 is 7.62, that 
is, pK 7.62. The average pK value obtained by use of Equation (8) is 
7.63, Kj = 2. 34 X 10'^. 
n. Acid disstK'iation constants by spectrophotomctric measure-
ment S 'I'he first acid disscK'iation constant of the phenolic proton 
of alpha- and gamma-dimethyldihydroxyfluoran was determined speciro-
phoiomeirically. The absorption spectra in the ultraviolet and 
visible wavelength regions of alpha- and gamma-dimethyldihydroxy­
fluoran are shown in Figures 3, 4, 5 and 6. In 
acid solution, one wavelength of maximum absorption in the ultraviolet 
region was observed; there was no absorbance in the visible wavelength 
region. In basic solution, one wavelength of maximum absorption in 
the ultraviolet and visible region was observed. The measured 
absorbance and the change in absorbance in the pH range numerically 
equal to the estimated pKa in the ultraviolet region were of much 
smaller magnitude than in the visible. Thus the absorbance in the 
visible wavelength region as a function of pH was used in the calculation 
of pKj^. 
The absorbance in the visible wavelength region changed 
markedly with pH. The absorbance at 528 nm. and 486 nm. increased 
with increasing pH. This change in absorption spectra was attributed 
to the neutralization of one phenolic proton. Only one point of inflection 
was present in the curve in the given pll range. The pH at the point of 
Figure 19. Change in log /]S/S° -\J of beta-
dimethyldihydroxyfluoran with pH 
100 
o 
CO 
an 
k, 
60 
o 1-4 
+0.2 — 
7.00 /  8.00 
pH 
iOl 
maximum slope is a good approximation of pKa. Knowing the pKa, the 
log-ratio method was used to accurately determine the first acid 
dissociation constant of the phenolic proton of alpha- and gamma-
dimethyldihydroxyfluoran. 
The log-ratio method can be derived as follows. For the reaction 
HA = H++A" (10) 
and acid dissociation constant is defined as 
(11) 
The ratio of (A")/(HA) can be described by the ratio of the absorbances 
A mixture ~ A^a /i ox 
A-A" " A-mixture 
Substituting Equation(12) into Equation(li) and taking the negative 
logarithms , . \ 
("^mixture " ^HA\ 
pKa = pH - log (13) 
By substituting the proper values of pH and absorbances into Equation ( 13) 
the pK^ values were obtained. The values calculated for the first 
acid dissociation constant of the phenolic proton of alpha- and gamma-
dimethyldihydroxyfluoran are given in Table 9. 
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Table 9. Acid dissociation constants of the phenolic protons of alpha-
and gamma-dimethyldihydroxyfluoran determined from 
spectroscopic measurements 
Compound pH pKa 
alpha-dimethyl- 10.40 9.97 
dihydroxyfluoran 10.30 9.96 
10.10 9.97 
9.90 9.94 
9.70 9.95 
9.40 9.96 
9.96 (Average) 
gamma-dimethyl- 7.11 6.65 
dihydroxyfluoran 7.00 6.67 
6. 80 6. 67 
6. 60 6. 66 
6. 40 6. 64 
6.10 6.66 
6.66 (Average) 
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III. THE METHY LENEIMINODIAC ETIC ACID DERIVATIVES OF 
THE DIMETHYLDIHYDROXYFLUORANS 
A. Experimental Work 
1. Synthesis 
a. Apparatus and reagents Infrared spectra were 
obtained using a Per kin-Elmer Model 21 Infra Red Spectrophotometer. 
Nuclcar magnetic resonance spectra were obtained using a 
Varian Associates A-60 Nuclear Magnetic Resonance Spectrometer. 
Mass spectra were obtained using an Atlas CH4 Mass Spectro­
meter. 
Clear, precision ground glass NMR tubes of 0. 5 cm. o. d. were 
used for all NMR work. 
Measurements of pH were made using a Leeds and Northrup pH 
meter equipped with a Corning No. 476024 Triple-Purpose glass 
electrode and a Corning sleeve-type saturated calomel electrode. 
Glycine, 99. 5 per cent minimum, was obtained from the J. T. 
Baker Chemical Company. 
Iminodiacetic acid, disodium salt, monohydrate, was obtained 
from the Geigy Chemical Company, and purified as described on 
pages 104 and 105. 
J. T. Baker Chemical Company reagent-grade sodium hydroxide 
was used to prepare a 50 per cent stock solution. The solution was 
allowed to stand for two days to allow the sodium carbonate to 
precipitate out. Approximately 5. 5 ml. of the stock solution was then 
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diluted with freshly boiled deionized water to give a carbonate-free 
0.1 N solution. The 0.1 N solution of sodium hydroxide was 
standardized against primary standard potassium biphthalate using 
phenolphthalein indicator. 
Alpha-, beta- and gamma - dimethyldihydroxyf luoran, 
respectively, were synthesized, separated and purified as described 
on pages 8-9 and 12. 
Formaldehyde solution containing 37 per cent formaldehyde was 
obtained from the J. T. Baker Chemical Company. 
All the water used was distilled and deionized by passage 
through Amberlitc MB-1 ion exchange resin. 
All reagent chemicals were of reagent grade quality. 
b. Purification and analysis of glycine and iminodiacetic acid 
Commercial glycine was dissolved in hot water and precipitated by the 
addition of absolute ethanol. The material was recrystallized twice, 
filtered and dried under reduced pressure at 45^ for 24 hours. The 
glycine, a white powder, was stored in a desiccator over magnesium 
perchloraie. 
Commercial iminodiacetic acid, disodium salt monohydrate, 
(IDA), was dissolved in hot water and precipitated by the addition of 
absolute ethanol. The material was recrystallized three times. The 
first mother liquor was dirty-grey-yellow in color; the final mother 
liquor was colorless. The material was vacuum dried under reduced 
pressure at 45° for 24 hours. The IDA, a white crystalline solid, was 
stored in a desiccator over magnesium perchlorate. 
Iminodiacetic acid was prepared from the iminodiacetic acid, 
105 
disodiuni salt monoliydrate. IDilute hydrochloric acid was slowly added 
to an aqueous solution of IDA until the pH of the solution measured 2. 
A white, crystalline solid precipitated. This solid was filtered, washed, 
filtered and vacuum dried, under reduced pressure at 45° for 24 hours. 
The free acid was stored in a desiccator over magnesium perchlorate. 
The purity and composition of the recrystallized glycine and 
IDA were determined by: 
1. Loss on heating 
2. Melting point 
3. Infrared spectroscopy 
4. Nuclear magnetic resonance spectroscopy 
5. Mass spectroscopy 
6. Nitrogen analysis by the Kjeldahl method 
7. Equivalent weight by neutralization 
1. Loss on heating A known weight on purified IDA 
was heated for 24 hours at 110°. 
2. Melting point Melting point determinations 
were made with a mercury thermometer by placing the sample between 
two cover glasses on the stage of a polarizing microscope which was 
heated electrically at a constant rate. 
3. Infrared spectroscopy Infrared spectra were 
obtained on potassium bromide pellets of IDA and glycine. Spectra were 
run on the commercial IDA as obtained, the purified IDA, the commer­
cial glycine, and the purified glycine. A spectra of ethanol, neat, was 
also obtained. 
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4. Nuclear magnetic resonance spectroscopy A 
solution of iminodiacetic acid, disodium salt monohydrate, and glycine, 
respectively, in D2O, dimethyl sulfoxide, acetone and trifludroacetic 
acid, respectively, were used to obtain the spectra. The reference 
standard was either Tier's Salt when D2O was used as a solvent or 
tetramethyl silane (TMS) when other organic solvents were used. 
5. Mass spectroscopy Mass spectra of glycine, 
iminodiacetic acid, disodium salt monohydrate, and iminodiacetic acid 
(free acid) were obtained at an electron beam energy of 70 electron volts. 
6. Nitrogen analysis by the Kjeldahl method To 
ascertain purity, glycine and iminodiacetic acid disodium salt monohydrate 
were analyzed for percentage nitrogen by the Kjeldahl method. 
Weighed samples were digested with concentrated sulfuric acid with 
copper selenite as catalyst and silicon carbide boiling chips. The 
ammonium sulfate thus produced was distilled as ammonia gas, by the 
addition of 40 per cent sodium hydroxide, into a measured excess of 
0.1007 N hydrocholoric acid. The solution containing the distilled 
ammonia and excess hydrochloric acid was back-titrated with 0.1086 N 
sodium hydroxide. 
7. Equivalent weight by neutralization The 
neutralization equivalent weight of iminodiacetic acid disodium salt 
monohydrate was obtained by titrating a known weight of the material 
dissolved in 50 ml. of deionized water with 0. 1007 N hydrochloric acid. 
The titration curve obtained is shown in Figure 20-21. 
Figure 20-21. Aqueous potentiometric titration of iminodiacetic acid 
disodium salt monohydrate with hydrochloric acid 
0. 7050 g. base 
0.1007 N hydrochloric acid 
12-H 
IC 
i 
6 — 
5—1 
H 
C s 15 20 
Hyi rochlorlc 
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c. Condensation of alpha-, beta- and gamma-dimethyldi -
hydroxyfluoran with iminodiacetic acid and formaldehyde 
To 80 ml. of glacial acetic acid at 70° was added 0. 009 moles (3.24 g. ) 
of the respective alpha*; beta- or gamma-dimethyldihydroxyfluoran 
and 0. 030 moles (5. 85 g. ) of disodium iminodiacetate monohydrate 
Willi siirring. 'i'liis was followed by the dropwise addition of 0.027 
moles (2.22 ml.) of 37 per ccni formaldehyde. The reaction was 
allowed to proceed at 68-73° for two hours with constant stirring. The 
alpha-dimethyldihydroxyfluoran mixture became dark brown, the beta-
dimethyldihydroxyfluoran mixture brown-black, and the gamma-
dimethyldihydroxyfluoran mixture red-green within a few minutes of 
mixing. The solution was filtered although very little insoluble material 
was present. The mixture was then poured into two liters of water at 
70°. The mixture containing the alpha-dimethyldihydroxyfluoran 
derivative became brown, the beta-derivative yellow-brown and the 
gamma-derivative red-orange. Dilute hydrochloric acid (3M) was 
added dropwise until the pll of the mixture reached 1. 60, the pH of 
maximum insolubility. The mixture was digested at 70° for two hours 
to ensure better crystal formation and filtration. The mixture was 
allowed to stand overnight, then filtered. The solid was recrystallized 
by dissolution in two liters of water at 70° by adjusting the pH to 7. 00 
with 3M sodium hydroxide and then precipitating the material by 
dropwise addition of 3M hydrochloric acid to pH 1.60. The material 
was digested at 70° for two hours and then allowed to stand overnight. 
The material was filtered, air dried for four hours and then vacuum 
dried at room icmpcralure for 24 hours. The material was stored in a 
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desiccator over magnesium perchlorate. 
2. Properties and structure 
a. Apparatus and reagents Mass spectra were obtained 
using an Atlas CH4 Mass Spectrometer. 
Infrared spectra were obtained using a Perkin-Elmer Model 21 
Infra Red Spectrophotometer. 
Nuclear magnetic resonance spectra were obtained using a 
Varian Associates A-60 Nuclear Magnetic Resonance Spectrometer. 
Clear, precision ground glass NMR tubes of 0. 5 cm. o. d. were used 
for all NMR work. 
A Leeds and Northrup pH meter was used to monitor the non­
aqueous and aqueous potentiometric titrations. The glass indicating 
electrode was a Coming silver-silver chloride internal reference, high 
alkalinity electrode, catalog #476024. A modified sleeve-type saturated 
calomel electrode was used as the reference electrode in the non­
aqueous potentiometric titrations. A saturated solution of potassium 
chloride in methanol was used as the internal salt solution. A saturated 
calomel sleeve-type electrode was used as the reference electrode in 
the aqueous potentiometric titrations. 
Ultra violet and visible spectra were obtained using a Cary 14 
Spcx-irophotomcUT. Perkin-Elmer quartz cells of 10.0 mm. internal 
path length or Aininco quartz cells of 50. 017 internal path length were 
used for all specrrophotometric work. 
The presence of fluorescence was detected using radiation from 
a General Electric 15 watt fluorescent lamp. 
i l l  
Tiie methyJcncimincxiiacetic acid derivatives of the parent 
diincihylcliliydroxyfJuorans were synthesized and purified as described 
on pages 1(W-110. 
Trifluoroacetic acid was obtained from the Aldrich Chemical 
Company, Milwaukee, Wisconsin. 
Ethylenediamine was obtained from the J. T. Baker Chemical 
Company, Phillipsburg, New Jersey. 
Pyridine, dimethyl sulfoxide, and isopropyl alcohol were obtained 
from Mallinckrodt, St. Louis, Missouri. 
Tetraethylammonium bromide was obtained from the Matheson, 
Coleman and Bell Chemical Company, Norwood, Ohio. 
All water used was distilled and deionized by passage through 
Amberlite MB-1 ion exchange resin. 
All reagent chemicals were of reagent grade quality. 
b. Mass spectroscopy Mass spectra were obtained at an 
electron beam energy of 70 electron volts. The mass scale up to 700 
mass units was scanned. The highest recorded peaks for each isomer 
were 650 and 651 mass units. 
c. Infrared spectroscopy Infrared spectra were obtained 
on potassium bromide pellets of the methyleneiminodiacetic acid 
derivatives of the respective alpha-, beta- and gamma-dimethyldihydroxy-
fluoran. 
d. Nuclcar magnetic resonance spectroscopy A solution 
of alpha-, bcia- and gamma-dimethyIdihydroxyfluoranmethylencimino-
diacctic acid, respectively, in trifluoroacetic acid was used to obtain 
the spectra. The reference standard was tetramethyl silane (TîvK). 
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c. lîlemciiLal analysis . Alpha-, beta- and gamma-dimcthyl-
dihydroxyfluoranmethylenciminodiacetic acid were analyzed directly 
for carbon, hydrogen and nitrogen. Oxygen was determined by difference. 
f. Residue on ignition The non-volatile metal content of 
alpha-, beta- and gamma-dimethyldihydroxyfluoranraethyleneimino-
diacetic acid was determined by ignition. Samples of approximately 
0. 5 grams of each isomer were ignited in platinum crucibles at red 
heat with ample access to air. The weight of the residue was determined. 
g. Fluorescence The presence of fluorescence was 
qualitatively detected using radiation from a General Electric 15 watt 
fluorescent lamp. 
h. Solubility in non-aqueous solvents The solubility of 
alpha-, beta- and gamma-dimethyldihydroxyfluoranmethyleneimino-
diacetic acid was qualitatively determined in a number of solvents. 
The solubility was determined by adding a semimicro spatula tip of the 
derivative (approximately 0.1 grams) to 2 ml. of the solvent and shaking 
the mixture in a test tube. The mixture was allowed to stand for four 
hours and then the extent of dissolution was noted. The mixture in a 
test tube was then held in a hot to boiling water bath for four hours 
and the extent of dissolution was then noted. 
i. titrations in non-aciucoLis solvents A known amount of 
derivative, 200 to 270 mg. corresjX)nding to 0. 31 to 0. 42 m moles, was 
dissolved in the appropriate organic solvent. 
Gamma- and alpha-dimethyldihydroxyfluoranmethyleneimino-
diacetic acid were dissolved in ethylenediamine; beta-dimethyldihydroxy-
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fluoranmethyleneiminodiacecic acid was dissolved in pyridine. 
Gannma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid dissolved 
rapidly, five minutes; beta-dimethyldihydroxyfluoranmethyleneimino-
diacetic acid dissolved slower, one hour; and alpha-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid dissolved very slowly, nine hours. 
The respective mixture was titrated potentiometrically. The 
titrant, tetraethylammonium hydroxide, was in the same solvent as the 
derivative being titrated. 
Response of the pH meter was slow in the non-aqueous media. 
A thirty second time delay per addition of titrant was observed. 
The tetraethylammonium hydroxide was prepared by reacting 
tetraethylammonium bromide with silver oxide in either methyl or 
isopropyl alcohol for two hours. After filtration, the solution was 
diluted to one liter with the appropriate solvent. This titrant was 
standardized daily 
j. Acid dissociation constants by potentiometric titration 
The second, third and fourth acid dissociation constants of alpha-, beta-
and gamma-dimethyldihydroxyfluoranmerhyleneiminodiacetic acid were 
determined fay indirect potentiometric titration. To a 115 to 290 mg. 
sample of derivative was added 25.00 ml. of 0.1086 M sodium 
hydroxide, an excess of the amount necessary to titrate the derivative. 
The resulting solution was then titrated potentiometrically with standard 
hydrochloric acid. 
Beta-dimethyldihydroxyfluoranmethyleneiminodiacetic acid was 
also titrated by the addition of 50.00 ml. of standard sodium hydroxide 
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and back titrated with standard hydrochloric acid. 
Each derivative was titrated until an excess of hydrochloric acid 
had been added. Using the total amount of derivative present, and the 
amount of sodium hydroxide added, the volume of hydrochloric acid 
required to titrate the excess sodium hydroxide and the derivative was 
calculated. The titration curves obtained are shown in Figures 22,23,24,25. 
k. Acid dissociation constants by solubility measurements 
The solubility of alpha-, beta- and gamma-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid over the pH range 2.13 to 3.18, 2. 31 to 
3.05 and 2.10 to 3. 47 was determined by buffering solutions containing 
an cxcess of derivative at specific pH values and shaking for twelve hours 
CO ensure complete equilibration. Appropriate volumes of the filtrates 
containing alpha-, beta-, and gamma-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid were adjusted to pH 10.50, 10.00 and 10.00, the pH 
of maximum absorbance, diluted to 100 ml. in volumetric flasks with 
0.10 ivl potassium chloride, and shaken for twelve hours to ensure 
complete equilibration. The amount of derivative in each solution was 
determined spectrophot o m etrically on a Carey 14 spectrophotometer. 
The absorbance was measured at 545 nm., 435 nm. and 493 nm. The 
absorbance of these solutions was related to concentration by using a 
calibration curvc prepared by making absorbance measurements on 
standard solutions. The results are shown in Table 10. A graph of 
i 
solubility versus 1/ shown in Figures 26, 27, 28, yielded the 
value for the intrinsic solubility of alpha-, beta-, and gamma-dimethyl-
dihydroxyfluoranmethyleneiminodiacetic acid. From the values of 
solubility at known pH and from the intrinsic solubility , the 
Figure 22. Potentiometric titration of alpha-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid in excess standard 
sodium hydroxide with standard hydrochloric acid 
0.1150 g. acid 
25.00 ml. of 0.1086 N sodium hydroxide 
0.1007 N hydrochloric acid 
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Figure 23. Potentiometric titration of beta-dimethyldi hydroxy-
fluoranmethyleneiminodiacetic acid in excess standard 
sodium hydroxide with standard hydrochloric acid 
0. 2744 g„ acid 
25.00 ml. of 0.1086 N sodium hydroxide 
0.1007 N hydrochloric acid 
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Figure 24. Potentiometric titration of gamma-dimethyldihydroxj'fluoran-
methyleneiminodiacetic acid in excess standard sodium 
hydroxide with standard hydrochloric acid 
0.1952 g. acid 
25.00 ml. 0.1086 N sodium hydroxide 
0. 1007 N hydrochloric acid 
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Figure 25. Potentiometric titration of beta-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid in excess standard sodium 
hydroxide with standard hydrochloric acid 
0. 2895 g. acid 
50.00 ml. 0.1086 N sodium hydroxide 
0.1007 N hydrochloric acid 
11 -
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c. 
Hydrochloric acid - ml. 
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Table 10. Solubility of alpha-, beta-and gamma-dimethyldihydroxy 
fluoranmechyleneiminodiacecic acid as a function of pH 
PH (mgVlOOml.) 
alpha -dimcthyldihydroxy-
fluoranmethylcncimino-
diacetic acid 
beta-dimethyldihydroxy-
fluoranmethyleneimino-
diacetic acid 
gamma-dimechyldihydroxy-
fluoranmethyleneimino-
diacetic acid 
2.13 1.031 
2.56 1.197 
2. 67 1.258 
2.95 1.577 
2.31 5.014 
2. 55 5.256 
2. 80 5.738 
3.05 6.623 
2. 48 19.10 
2.90 21.73 
3.22 27.91 
3.47 37.15 
Figure 26. Change in solubility of alpha-
dim ethyldihydroxyfluoranm ethylene -
iminodiacetic acid with pH 
Solubility mg./lOO ml. 
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Figure 27. Change in solubility of beta-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid with pH 
Solubility mar./lOO ml 
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Figure 28. Change in solubility of gamma-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid with pH 
Solubility raar./lOO ml. 
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first acid dissociation constant of the carboxyl group proton was 
determined for alpha-, beta- and gamma-dlmethyldihydroxyfluoran-
methyleneiminodlacetic acid. 
B. Results and Discussion 
\ 
1. Synthesis 
a. Purification and analysis of glycine and iminodiacetic acid 
Iminodiacetic acid, disodium salt monohydrate, (IDA) was used in 
subsequent reaction with the parent dimethyldihydroxyfluorans and 
formaldehyde to synthesize the di(methyleneiminodiacetic acid) 
derivatives. The IDA was a non-stock item and was therefore purified 
and subjected to careful investigation to establish the final purity. As 
a cross check on purity and as a possible impurity in the IDA, a 
structurally similar compound, glycine, readily available commercially 
at high purity underwent similar analysis. 
The commercial glycine was assayed by the manufacturer at 
99. 5 per cent minimum. The purified material appeared more 
crystalline than the commercial material. 
glycine NH2CH2CO2H F.W. 75.07 
The IDA was an off-white powder as received commercially and 
a pure white, crystalline solid after purification. 
iminodiacetic acid, NH(CH2C02Na)9*H90 F.W, 195.08 
disodium salt, 
monohydrate 
i ) Loss on heating IDA lost 1. 005 moles of water 
per mole of com^wund, confirming that the material was a monohydrate. 
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2) Melting point The purified IDA and glycine 
did not melt sharply but slowly decomposed and charred at temperatures 
above 225°. 
The following melting point behavior for glycine was found in the 
literature: 
Reference Behavior on heating 
The Mcrck Index, Highth Edition, starts to decompose at 233° 
Merck and Company, Inc., 1968 completely sintered at 29(P 
1969-1970 Aldrich Chemical Co. 245° decomposes 
Catalog #14, The Aldrich 
Chemical Company 
Lai^e, Handbook of Chemistry, 232-236° decomposes 
McGraw-Hill, 1961 
The melting point behavior observed on the glycine purified in 
this work was inconclusive. 
3) Infrared spectroscopy The infrared spectra of 
commercial and purified glycine were obtained using the potassium 
bromide disc technique. The spectra were identical and of highly pure 
compounds as evidenced by the sharp absorption bands. Assignments 
of various absorption bands in the spectra are given in Table 11. 
Free primary amino acids are characterized by a broad strong 
NH^3 stretching band in the 3.23 to 3. 85 micron region (15). The 
strong band observed in the spectra of glycine at 3.20 to 3. 85 microns 
was attributed to the NH^g stretching vibration. 
Also characteristic is the presence of the weak asymmetric 
NH^3 bending band in the 6.03 to 6.21 micron region and the fairly strong 
symmetrical bending band in the 6. 45 to 6.73 micron region (15). 
Table il. Assignments of infrared absorption bands of glycine 
Assignment Band position 
(microns) 
Intensity^ 
NHg stretch 3. 20 - 3. 85 S 
NHg bend 6. 30 S 
C-0 asymmetrical stretch 6. 30 S 
NHg bend 6. 55 - 6.65 S 
C-0 symmetrical stretch 7.10 S 
combination of C-0 stretch 
and OH in-plane bend 
7.50 M 
C-C-0 stretch 9.70 W 
^ W = weak, 
M = medium, 
S = strong. 
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The strong bands observed at 6. 30 microns and at 6.55 to 6. 65 microns 
was attributed to the respective NH+'g bending bands. 
The carboxylic anion absorbs strongly in the 6. 25 to 6.29 micron 
region and more weakly at 7.15 microns due to the asymmetrical and 
symmetrical C-0 stretching, respectively ( 15 ). The strong bands 
observed at 6. 30 microns and at 7.10 microns were attributed to the 
asymmetrical and symmetrical C-0 stretching bands. 
The C-0 stretch coupled with the OH in-plane-bend absorbs in 
the 7.04 to 7.52 micron region(l5) . The medium band observed at 
7. 50 microns was attributed to this C-0 stretch and OH in-plane-bend. 
The C-0 stretch coupled with the adjacent C-C stretch, that is, 
the assymmetrical C-C-0 stretch, absorbs in the 7.93 to 10.00 micron 
region ( 15 ). A weak band observed at 9.70 microns was attributed to 
the C-C-0 stretch. 
The infrared spectra of commercial and purified iminodiacetic 
acid disodium salt monohydrate were obtained using the potassium 
bromide disc technique. The absorption bands of the commercial IDA 
were slightly broader than those of the purified IDA indicating that some 
purification was effected. Otherwise, the spectra were identical. 
Assignments of various absorption bands in the spectra are given in 
Table 12. 
The carboxylatc ion of the sodium salt of an amino acid gives 
rise to two characteristic bands: a strong asymmetrical stretching 
band from 6.25 to 6.29 microns, and a weaker symmetrical stretching 
band at 7.15 microns ( 15 ). Bands observed in the spectrum of IDA at 
Table 12. Assignments of infrared absorption bands of iminodiacetic acid disodium salt 
monohydrate 
Assignment Band position Intensity^ 
(microns) 
N-H stretch 2. 80 - 3. 25 S 
-COO" asymmetric stretch 6.30 S 
-COO symmetric stretch 7.00 - 7. 15 M 
^ M = medium, 
S = strong. 
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6. 30 microns and 7. 00 to 7.15 microns were attributed to the 
carboxylate anion. 
Sodium salts of amino acids show the normal N-H stretching 
vibrations at 2.94 to 3.13 microns common to other amines ( 15 ). A 
strong band observed in the spectrum of IDA at 2. 80 to 3. 25 microns was 
attributed to this normal N-H stretching vibration. 
The spectrum of IDA was simpler than that of glycine and . 
characteristic of a sodium salt of an alpha-amino acid. 
4) Nuclear magnetic resonance spectroscopy A 
strong singlet peak was present in the proton magnetic spectra of 
iminodiacetic acid and of glycine at 3.18 delta and 3. 57 delta, in DgO, 
respectively. This peak is due to the -CH2- protons. The position of 
the peak depends on the solvent and pH. 
0 O 
No peaks corresponding to NHg- and NH2= appeared in 
glycine and IDA, respectively. The nucleus has a spin number 
1=1 and, in accordance with the formula 21+1, should cause a proton 
attached to it and a proton on an adjacent carbon atom to show three 
equally intense peaks. There are two complicating factors - the rate of 
exchange of the proton on the nitrogen atom and the electrical 
quadrupole moment of the ^'^N nucleus. 
The proton on a nitrogen atom may undergo rapid, intermediate, 
or slow exchange. If the exchange is rapid, the NH proton(s) is 
decoupled from the nitrogen atom and from protons on adjacent carbon 
atoms. The NH peak is therefore a sharp singlet, and the adjacent CH 
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protons are not split by NH. Such is the case for most aliphatic amines. 
At an intermediate rate of exchange, the NH proton is partially decoupled 
and a broad NH peak results. The adjacent CH protons are not split by 
the NH proton. Such is the case for N-methyl aniline. If the NH 
exchange rate is slow, the NH peak is still broad because the electrical 
quadrupole moment of the nitrogen nucleus induces a moderately 
efficient spin relaxation and thus an intermediate lifetime for the spin 
states of the nitrogen nucleus. The proton thus sees three spin states 
of the nitrogen nucleus (spin number equals one) which are changing at 
a moderate rate, and the proton responds by giving a broad peak. In 
this case, coupling of the NH proton to the adjacent proton is observed. 
Such is the case for pyrroles, indoles, secondary and tertiary amides 
and carbamates. 
Aliphatic and cyclic amine NH protons absorb from 3.0 to 0.5 
delta. Because amines are subject to hydrogen bonding, the shift 
position depends on concentration, solvent, pH and temperature. 
Protons on the nitrogen atom of an amine salt exchange at a 
slow rate; they are seen as a broad peak dov/nfield (8.5 to 6.0 delta), 
and they are coupled to protons on adjacent carbon atoms. The alpha-
protons are recognized by their downfield position in the salt compared 
with that in the free amine. 
The nuclear magnetic resonance spectra showed no glycine was 
present in the IDA. The nuclcar magnetic resonance spectra also 
showed I he glycine, and IDA, respectively, to have a puriiy of 95 per 
cent plus. 
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5) Mass spectroscopy Mass spectra of glycine, 
iminodiacetic acid disodium salt, and iminodiacetic acid (free acid) were 
obtained at an electron beam energy of 70 electron volts. 
The mass spectrum of glycine confirmed the molecular weight 
for the structure NH2CH2CO2H. Up to 200 m/e units were scanned. 
The highest peak found was at 77 m/e, the P + 2 peak. 
experimental theoretical 
m/e assignment relative intensity relative intensity 
75 P 100.00 100.00 
76 P + 1 2.60 2.70 
77 P + 2 0.38 0.43 
The P+1 and P + 2 peaks experimental relative intensities were in 
excellent agreement with the empirical formula for glycine, C2 Hg NO2. 
The parent peak was very weak but discernible. This is characteristic 
of straight chain monocarboxylic acids and also of aliphatic monoamine 
entities. 
Cleavage resulted at the carbon-carbon bonds successively 
removed from the nitrogen atom with retention of charge on the nitrogen-
containing fragment. This is almost conclusive evidence for a straight 
chain primary amine. This gave rise to the base peak at m/e 30. The 
peak at 75 m/e was the parent peak, due to NH2CH2CO2H. The peak 
at 60 m/e was due to the loss of NH2 from the parent compound, 
leaving CII3 C (-0H) (= oS ). The peak at 57 m/e was due to the loss 
of H2O from the parent compound, NH2-CH = C = 0 remaining. The 
peaks at 46, 45 and 44 m/e were due to the HC02H^, CO2H+ and CO'^2 
fragments, respectively. The peak at 41 m/e was due to the loss of 
NH2 from the 57 m/e fragment, leaving CH = C = 0. The peak at 
138 
31 m/c was due to the H2NCH.^ fragment. The peak at 30 m/e was due 
to the loss of CO2H from the parent compound, leaving H2N^ = CH2. 
The peaks at 29 and 28 m/e were due to the H2NCH and N2 fragments, 
respectively. 
The mass spectrum was characteristic of glycine. 
The mass spectrum of iminodiacetic acid disodium salt mono-
hydrate was inconclusive. The spectrum was poor. This was attributed 
to the very high boiling point of the compound, thus making it difficult 
to vaporize sufficient compound at low temperatures. At higher 
temperatures, thermal decomposition of iminodiacetic acid disodium 
salt made the spectrum quite complex and meaningless. 
No parent peak in the spectrum of iminodiacetic acid (free acid) 
was observed. The theoretical molecular weight of iminodiacetic acid 
is 133 a. m. u. The parent peak of a carboxylic acid is weak, that of an 
aliphatic monoamine is very weak and that of a tri-substituted amine 
nondiscernible. 
Characteristic of carboxylic acids is the P-CO^H peak (here at 
133 - 45 = 88 m/e) which was observed. This left the CgH^02N fragment 
attributed to CH2 = N H C H2 CO2 H. Characteristic of secondary amines 
are the m/e 30 and 44 fragments attributed to the CH2 = NH2 and 
CH2 = î5^HCH3 fragments. Both fragements were observed. 
Although no parent peak was observed, the spectrum was in 
accord with a carboxylic acid and secondary amine with a molecular 
weight of 133. The spectrum was characteristic of iminodiacetic acid. 
6) Nitrogen analysis by the Kj eldahl method Five 
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determinations of nitrogen in glycine by the Kjeldahl method gave an 
average of 18. 66 per cent; calculated 18. 67 per cent. 
Six determinations of nitrogen in iminodiacetic acid disodium 
salt monohydrate gave an average of 7.186 per cent; calculated 7.180 
per cent. 
7) Equivalent weight by neutralization Iminodiacetic 
acid disodium salt monohydrate was titrated potentiometrically with 
0.1007 N hydrochloric acid. One break was present in the titration 
curve. Figure 21 , corresponding to one mole of acid added per mole 
of the base. The equivalent weight found was 196.7; the molecular 
weight of iminodiacetic acid disodium salt monohydrate is 195.1. This 
corresponds to a purity of 99.2 per cent. 
b. Condensation of alpha-, beta- and gamma-dimethyldihydroxy-
fluoran with iminodiacetic acid and formaldehyde 
The di(methyleneiminodiacetic acid) derivatives of alpha-, beta-
and gamma-dimethyldihydroxyfluoran, respectively, were synthesized 
by the Mannich condensation of the respective dimethyldihydroxyfluoran, 
iminodiacetic acid and formaldehyde using acetic acid as solvent. The 
reactions were allowed to proceed at 68-73® for two hours. The desired 
compounds were obtained in yields of 64 per cent, 73 per cent, and 52 
per cent, respectively, for the alpha-, beta- and gamma-dimethyldihy­
droxyfluoran derivatives. Alpha-dim ethyldihydroxyfluoranmethylene-
iminodiacetic acid is an off-white solid; beta- a yellow-brown solid; and 
gamma- a bright orange solid. 
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2. Properties and Structure 
a. Mass spectroscopy The mass scale up to 700 mass 
units was scanned. The largest recorded peaks found for all three 
isomers were at 650 and 651 a. m. u. The 650 peak was the molecular 
ion. The 651 peak was the P + 1 peak. From the proposed structural 
formula corresponding to Cg2HgQ0]^gN2, the molecular weight was 
calculated to be 650.593 a. m. u. The 650 and 651 peaks were very weak 
but discernible. The spectra of the three isomers varied only slightly 
in the relative intensity of the various peaks. 
The peak at 474 m/e was due to the loss of four CO2 groups 
from the methyleneiminodiacetic acid entity of the molecule, leaving 
C28H30O5N2. The peak at 382 m/e was due to the loss of two 
H2N (CH2C02H)2 groups from the parent compound, C2^H]^^0g 
remaining. This cleavage was beta to the aromatic ring leaving a 
benzyl type group. The peak at 356 m/e was due to the loss of two 
N(CH2C02H)2 and two CH3 groups from the parent compound, leaving 
C22H12O5. The peak at 332 m/e was due to the loss of CO from the 
precursor compound, that is, the alpha-, beta- or gamma-dimethyldi-
hydroxyfluoran, M. W. 360. This 360 -CO peak is characteristic of 
diphenyl ethers by complex rearrangement. The peak at 298 m/e was 
due to the loss of CO2 and H2O from the precursor compound. The 
peak at 2S() m/e Wcis due to the loss of CO2 and two H2O from the 
prcvursoj' comjxjund. ITic peak at 270 m/c was due to ihc loss of CO2, 
ii20 and CO from the precursor compound, leaving 022"^6^5* îhe 
peak at 237 m/e was due to the loss of the two OH groups and the 
141a 
phthalate ring, leaving C17H17O. 
CH^ CK, 
CE2 + 
/-\ 
H B 
The peak at 222 m/e was due to the loss of CHgfrom the 237 m/e fragment. 
The peak at 209 m/e was due to the loss of CO from the 237 fragment. 
The loss of CO by complex rearrangement is characteristic of diphenyl 
ethers. The peak at 207 m/e was due to the loss of CH3 from the 222 
fragment. There was a large abundance of Ibwer m/e peaks. 
The complex spectra were in accord with the proposed structures 
of the di(methyieneiminodiacetic acid) derivatives of alpha-, beta- and 
gam ma- dimethyldihydroxyf luoran, respectively. The theoretical 
molecular weight of 650 a. m. u. for each isomer was also confirmed. 
b. Infrared spectroscopy The infrared spectra of the 
mcthylcnciminodiaceric acid derivative of the respective alpha*, beta-
iind gamma-dimethyldihydroxyfluoran were obtained using the potassium 
bromide disc icvhnique. Assignments of various absorption bands in the 
I 4 l b  
K|xx-i ra arc given in Tabic 13. 
A weak, broad band at 3.73 to 4.12 microns is characteristic of 
the tertiary ammonium ion (15). In the spectrum of alpha-, beta- and 
gam ma - dimethyldihydroxyf luoranmethyleneiminodiac etic acid, 
respectively, this band was obscured by the strong, broad band at 3.00, 
2.95 and 3.25 microns, respectively, of the OH group. A second weak 
band at 7.05 microns is characteristic of the tertiary ammonium ion 
(15). In the spectrum of alpha-, beta- and gamma-dimethyldihydroxy-
fluoranmcthylcnciminodiaceric acid, respectively, this band was obscured 
by the strong band at 7.10, 7.10 and 7.13 microns, respectively, of the 
carboxylate group. 
Characteristic of a non-ionized carboxylic acid is the strong 
carbonyl asymmetric stretch band at 5. 80 to 6.06 microns (11). The 
band observed in the spectrum of alpha-, beta- and gam ma-dimethyl-
dihydroxyfluoranmethyleneiminodiacetic acid at 5.75, 5.75 and 5.74 
microns, respectively, was attributed to the non-ionized carboxyl group. 
The carboxylate anion absorbs strongly in the 6. 21 to 6. 45 
micron region and more weakly in the 7.04 to 7. 69 micron region due 
to the asymmetric and symmetric C-0 stretching, respectively (15). 
Bands were observed in the spectrum of alpha-, beta- and gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid, respectively, at 
6. 20 and 7.10 microns, at 6.15 and 7.10 microns, and at 6.15 and 7.13 
microns, respectively; these bands were attributed to the carboxylate 
group. 
If only one type of acid group were present in alpha-, beta-, and 
gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
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Table 13. Assignments of infrared absorption bands of alpha-, beta-
and gam ma - di methyldihydroxyf luoranmet hyleneim ino -
diacetic acid 
Assignment 
Band position (microns) 
alpha- beta- gam ma- Intensity^ 
OH stretch (phenol)(COOH) 3.00 2.95 3.25 A 
C=0 asymmetric stretch 
(COOH) 5.75 
5.75 5.74 s 
COO asymmetric stretch 6.20 6.15 6.15 s 
C=C stretch of aromatic 
ring 
6.85 6.85 6. 85 M 
COO" symmetric stretch 
also OH in-plane bend 
7.10 7.10 7.13 S 
interaction of OH bend and 
C-0 stretch 
7.50 7.40 7.39 M 
interaction of OH bend and 
C-0 stretch 
7.80 7.80 7. 80 M 
C-0 stretch of phenol 8.05 8. 00 8.05 M 
C-H in-plane bend of 
polyaromatic ring 
9.00 8.87 9.17 S 
C-H out-of-plane ring bend 
of 1, 2-disubstituted 
aromatic ring 
13.20 13.50 13. 22 W 
C-H out-of-plane ring bend 14. 50 14.40 14. 35 W 
W = Weak., 
MW = Medium weak, 
M = Medium, 
MS = Medium strong, 
S % Strong. 
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respectively, there could be one or two bands observed in each spectrum. 
If only the free acid groups were present, only one or two closely spaced 
bands at 5. 80 to 6.06 microns would be present. If only the carboxylate 
groups were present, two bands at 6.21 to 6.45 and 7.04 to 7.69 microns 
would be present. However, in the spectrum of alpha-, beta- and gam ma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid, respectively, 
three bands were observed; at 5.75, 6. 20 and 7.10 microns; at 5.75, 
6.15 and 7.10 microns; and at 5.74, 6.15 and 7.13 microns, 
respectively. The presence of three bands is indicative of the presence 
of both free carboxyl and carboxylate anion groups. The amine and 
carboxylaic bands thus confirm the zwitter ion structure. 
The shift of the 0-H stretching band to longer wavelengths 
(2.78 to 3. 25 microns) and broadening of the band are indicative of 
strong hydrogen bonding (15). The strong, broad band observed in the 
spectrum of alpha-, beta- and gamma-dimethyldihydroxyfluoranmethy-
leneiminodiacetlc acid, respectively, at 3.00, 2.95 and 3.25 microns, 
respectively, was attributed to the OH stretching band. 
Solid samples of phenols absorb at 7.20 to 7. 52 microns and at 
7. 93 to 8. 48 microns. These bands result from interaction of 0-H 
bending and C-0 stretching (15). Such bands were observed in the 
spccirum of alpha-, beta- and gam ma -dimethyldihydroxyf luoran-
meihylcncimintxliaccric acid, respectively, at 7.50 and 8.05 microns, 
at 7. 40 and 8.00 microns, and at 7.39 and 8.05 microns, respectively. 
The 0-H in-plane bending vibration occurs at 7.04 to 7. 52 
microns (15). The bands observed in the spectrum of alpha-, beta- and 
gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid. 
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respectively, at 7.10 and 7.50 microns, at 7.10 arid 7. 40 microns, and 
at 7.13 and 7. 39 microns, respectively, could be attributed to the OH 
in-plane bending vibration. 
In-plane bending bands of C-H of poly-aromatic hydrocarbons 
occur at 7.70 to 10. 00 microns (15). The bands observed in the spectrum 
of alpha-, beta- and gamma - dimet hyldihydroxyfluoranm et hyleneimino -
diacetic acid, respectively, at 9.00, at 8.85, and at 8. 87 and 9.17 
microns, respectively, were attributed to the in-plane bending bands 
of C-H. 
In-plane bending bands of 1,2-disubstituted mono-aromatic s 
occur at 13.00 to 13.50 microns (15). The bands observed in the 
spectrum of alpha-, beta- and gamma-dimethyldihydroxyfluoranmethylene-
Lniinodiacctic acid, respectively, at 13.20, 13. 50 and 13.22 
microns, respectively, were attributed to the phthalate ring. 
Out-of-plane ring bending vibrations of C-H occur at 14.08 to 
14. 81 microns (15). The bands observed in the spectrum of alpha-, 
beta- and gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
respectively, ar 14.50, 14. 40 and 14.35 microns, respectively, were 
attributed to the out-of-plane ring bending vibrations of C-H. 
c. Nucicar magnetic resonance spectroscopy A solution 
of alplia-, Ixjta-, and gamma-dimethyldihydroxyfluoranmethyleneimino-
diacciic acid, respectively, in trifluoroacetic acid was used to obtain 
the spectra. The reference standard was tetramethyl silane (TMS). 
The NMR work was hampered by the insolubility of the derivatives in 
the many solvents tried (p. 72-75). At best, the derivatives were only 
slightly soluble in the trifluoroacetic acid used as solvent in the NMR 
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work. The results are summarized in Tables 14, 15, 16 and Figures 
29, 30, and 31. 
Observed in the NMR spectrum of alpha-dimethydihydroxy-
fluoranmethyleneiminodiacetic acid was a 1:2:2:1:4:8:6 proton ratio. 
The singlet integrating to six protons was centered at 2. 83 delta. 
This singlet was attributed to the two methyl group hydrogen atoms. By 
comparison, the two methyl group hydrogen atoms of the parent fluoran 
in trifluoroacctic acid appeared ai 2.67 delta. 
l^hc singlet integrating to eight protons was centered at 5.63 
delta. This singlet was attributed to the eight methylene hydrogen atoms 
of the four acetic acid groups. 
The singlet integrating to four protons was centered at 6.17 delta. 
This singlet was attributed to the two methylene groups linking the amino 
acid to the aromatic ring. 
6 L  ^ . - ' 4  
5 
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Table 14. The peak positions, the proton integrations and the groups 
bearing the proton obtained from the NMR spectra of alpha-
dimethyldihydroxyfluoran and alpha-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid in trifluoroacetic acid 
Peak Proton 
Compound Position intégra- Group bearing protons 
(ppm) tion 
alpha-dimethyl- 2.67 (S)^ 
dihydroxyfluoran 
6.95 (S) 
7 . 1 8 ( M )  
7. 47 (S) 
7.80(M) 
8.42(M) 
alpha-dimethyl- 2. 83 (S) 
di hydroxyf luoran -
m et hyleneimino- 5.63 (S) 
diacetic acid 
6.17 (S) 
7.27 (M) 
7.90(M) 
8.25 (M) 
9.23(M) 
6 two -CH3 
2 4', 5' protons of orcinol ring 
1 7 proton of phthalate ring 
2 2', 7' protons of orcinol ring 
2 5, 6 protons of phthalate ring 
1 4 proton of phthalate ring 
6 two -CH3 
8 four = N-CH2-COO-
4 two Ar-CH2-N= 
1 7 proton of phthalate ring 
2 2',7* protons of orcinol ring 
2 5,6 protons of phthalate ring 
1 4 proton of phthalate ring 
^(S) representing a singlet, 
(M) representing a multiplet. 
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Table 15. The peak positions, the proton integrations and the groups 
bearing the proton obtained from the NMR spectra of beta-
dimethyldihydroxyfluoran and beta-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid in trifluoroacetic acid 
Peak Proton 
Compound Position intégra- Group bearing protons 
(ppm) tion 
beta "dimethyl­
dihydroxyfluoran 
1.97 (S)^ 
2.65 (S) 
6.93 (S) 
7.92 (M) 
8.50(M) 
3 
3 
2 
3 
2 
1 
-CHg at 1* in orcinol ring 
-CHg at 6' in orcinol ring 
4', 5' protons of orcinol ring 
f7 proton of phthalate ring 
p',7' protons of orcinol ring 
5,6 protons of phthalate ring 
4 proton of phthalate ring 
beta-dimethyl­
dihydroxyfluoran -
methyleneimino-
diaceric acid 
2.08 (S) 
3.00(8) 
4.87 (S) 
5.67 (S) 
7.37 (M) 
8.22 (M) 
8.40(M) 
3 
3 
8 
4 
3 
2 
1 
-CHg at r in orcinol ring 
-CHg at 6' in orcinol ring 
fouir =N-CH2-C00 
two Ar-CH2-N= 
I7 proton of phthalate ring 
~',7' protons of orcinol ring 
5,6 protons of phthalate ring 
4 proton of phthalate ring 
ivprcsoni ing a sin^iei, 
(M) representing a multiplet. 
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I f). 'I'hc peak positions, the proton integrations and the groups 
licaring the proton obtained from the NMR spectra of gamma-
dimethyldihydroxyfluoran and gamma-dimethyldihydroxy-
fluoranmethyleneiminoacetic acid in trifluoroacetic acid 
Peak Proton 
Compound Position intégra- Group bearing protons 
(ppm) tion 
gamma-dimethyl-
dihydroxyfluoran 
gamma-dimethyl-
dihydroxyfluoran-
methyleneimino-
diacetic acid 
1.90 (S)^ 6 two -CHg 
7.20 (S) 
7.40 (M) 
8.05(M) 
2 
3 
2 
4', 5' protons of orcinol ring 
l2',7' protons of orcinol ring 
Y proton of phthalate ring 
5,6 protons of phthalate ring 
8.88 (M) 1 4 proton of phthalate ring 
2.24 (S) 6 two -CHg 
5.02 (S) 8 four -N-CH2-COO" 
5.90 (S) 4 two Ar-CHg-N^ 
7.73 (M) 
8.33(M) 
3 
2 
/2',7' protons of orcinol ring 
^ proton of phthalate ring 
5,6 protons of phthalate ring 
8.87(M) 1 4 proton of phthalate ring 
representing a singlet, 
(M) representing a multiplet. 
Figure 29. The proton magnetic resonance spectrum of alpha-
dimethj'ldihydroxyfluoranmethyleneiminodiacetic 
acid in trifluoroacetic acid 
A. Methylene protons of AR-CH2-N (4) 
B. 7 Proton of the phthalate ring (1) 
C. 2', 7' Protons of the orcinol ring (2) 
D. 5, 6 Protons of the phthalate ring (2) 
E. 4 Proton of the phthalate ring (1) 
° I' 
,-i . Il . J ' I # I ..... I . 
9 .0  8 .0  
PPM (delta) 
Figure 30. The proton magnetic resonance spectrum of beta-
dimethyldihydroxyfluoranmethyleneiminodiacetic 
acid in trifluoroacetic acid 
A. Methylene protons of Ar-CH2-N (4) 
B. 2', 7 Protons of the orcinol ring (2) 
7 Proton of the phthalate ring (1) 
C. 5, 6 Protons of the phthalate ring (2) 
D. 4 Proton of the phthalate ring (1) 
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6 . 0  8.0 7.0 9.0 
PPM (delta) 
Figure 31. The proton magnetic resonance spectrum of gamma-
dimethyldiliydroxjAfluoranmethyleneiminodiacetic acid 
in trifluoroacetic acid 
A. Methylene protons of Ar-CHo-N (4) 
B. 7 Proton of the phthalate ring (1) 
2', 7' Protons of the orcinol ring (2) 
C. 5, 6 Protons of the phthalate ring (2) 
D. 4 Proton of the phthalate ring ( 1) 
_l I 1 u I • ' I L——1 i~ 
9.0 8.0 7.0 
PPM (delta) 
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The multiplets integrating to 1:2:1 protons were centered at 
9.23, 8.25 and 7.27 delta. These multiplets were attributed to the 
phthalate ring hydrogen atoms. By comparison, the phthalate ring 
protons of the parent fluoran in trifluoroacetic acid appeared as 
multiplets centered at 8. 42, 7. 80 and 7.18 delta. 
Inspection of the phthalate ring proton spectra of the parent 
fluoran and of the methyleneiminodiacetic acid derivative indicates that 
two protons are each ortho to a central group. That is, an AB2C system 
is present. The 4 proton is splitting the 5 and 6 protons into a doublet. 
The 7 proton is splitting the 5 and 6 protons into a doublet. 
The 4 proton, being ortho to a -CO2R group, is the most 
deshielded (15) and therefore appears the furthest downfield. The peak 
at 9.23 delta was attributed to the 4 proton of the phthalate ring. 
The 5 and 6 protons are less intensely but about equally 
deshielded by the carbonyl. The peak integrating to two protons 
centered at 8.25 delta was attributed to the 5 and 6 protons. 
The 7 proton was attributed to the multiplet at 7.27 delta. 
The multiplet integrating to two protons was centered at 7.90 
delta. This multiplet was attributed to the 2' and 7' protons of the 
orcinol ring. In the NMR spectrum of the parent fluoran, the singlet 
integrating to two protons centered at 6.95 delta was attributed to the 
4' and 5* protons of the orcinol ring. In the NMR spectrum of the 
parent fluoran, the singlet integrating to two protons centered at 7.47 
delta was attributed to the 2' and 7' protons of the orcinol ring. In the 
NMR spectrum of the parent fluoran, the peak attributed to the 4' and 5' 
protons (6.95 delta) appeared upfield from the 7 proton (7.18 delta). 
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In the same spectrum the peak attributed to the 2' and 7' protons (7.47 
delta) appeared downfield from the 7 proton (7.18 delta) and upfield 
from the 5 and 6 protons (7. 80 delta). In the NMR spectrum of the 
methyleneiminodiacetic acid derivative, no aromatic peak was observed 
upfield from the 7 proton of the phthalate ring. Thus, the 4' and 5' 
positions had been substituted by the methyleneiminodiacetic acid 
entity. The peak attributed to the 2' and 7* protons appeared at 7.90 
delta. This peak was downfield from the 7 proton of the phthalate 
ring (7. 27 delta) and upfield from the 5 and 6 protons of the phthalate 
ring (8. 25 delta). 
Observed in the NMR spectrum of beta-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid in trifluoroacetic acid was a 1:2:3:4:8:3:3 
proton ratio. 
c o 
6 ^ 
5 
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The singlets integrating to three protons each were centered at 
2.08 delta and 3.00 delta. The singlet at 2.08 delta was attributed to 
the r methyl group. The singlet at 3.00 delta was attributed to the 6' 
methyl group. By comparison, the 1' and 6' methyl groups of the parent 
fluoran in trifluoroacetic acid fall at 1.97 delta and 2.65 delta. 
The singlet integrating to eight protons was centered at 4. 87 
delta. This singlet was attributed to the eight methylene hydrogen 
atoms of the four acetic acid groups. 
The singlet integrating to four protons was centered at 5.67 delta. 
This singlet was attributed to the two methylene hydrogen atoms of the 
two methylene groups linking the amino acid to the aromatic ring. 
The multiplets integrating to 1:2:1 protons were centered at 
8. 40, 8.22 and 7.37 delta. These multiplets were attributed to the 
phthalate ring hydrogen atoms. By comparison, the phthalate ring 
protons of the parent fluoran in trifluoroacetic acid appeared as 
multiplets centered at 8.50, 7.92 and 7.22 delta in a 1:2:1 proton ratio. 
The peak at 8.40 delta was attributed to the 4 proton of the phthalate 
ring. The peak at 8.22 delta was attributed to the 5 and 6 protons of the 
phthalate ring. The peak at 7. 37 delta was attributed to the 7 proton 
of the phthalate ring. 
The multiplet centered at 7.37 delta integrated to a total of 
three protons. One of these protons was attributed to the 7 proton of 
the phthalate ring. Two of those protons were attributed to the 2' and 7' 
protons of the orcinol ring. By comparison, in the NMR spccrrum of 
the parent fluoran in rrifluoroaceiic acid, there was observed a multiplet 
composed of two overlapping multiplets centered at 7.22 and 7. 40 delta, 
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respectively. This entire peak integrated to three protons. By 
inspection of the overlapping peaks of the parent fluoran, the upfield 
peak was attributed to the 7 proton of the phthalate ring and the downfield 
peak was attributed to the 2' and 7' protons of the orcinol ring. In the 
NMR spcctrum of the parent fluoran, there was observed a singlet at 
6. delta integrating to two protons, lliis singlet was attributed to 
the 4' and 5' protons of the orcinol ring. The 4* and 5' proton peak 
was upfield from the 7 proton peak of the phthalate ring (7.22 delta). 
In the NMR spectra of the methyleneiminodiacetic acid derivative, no 
aromatic peak was observed upfield from the 7 proton of the phthalate 
ring absorption. Thus, the 4' and 5' positions of the methyleneimino­
diacetic acid derivative had been substituted by the methyleneimino­
diacetic acid groups. 
Observed in the NMR spectrum of gamma-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid in trifluoroacetic acid was a 
1:2:3:4:8:6 proton ratio. 
R= CH2N(CH2C02H)2 
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The singlet integrating to six protons was centered at 2.24 delta. 
This singlet was attributed to the two methyl group hydrogen atoms. 
By comparison, the two methyl group hydrogen atoms of the parent 
fluoran in trifluoroacetic acid fall at 1.90 delta. 
The singlet integrating to eight protons was centered at 5.02 
delta. This singlet was attributed to the eight methylene hydrogen 
atoms of the four acetic acid groups. 
The singlet integrating to four protons was centered at 5.90 
delta. This singlet was attributed to the four methylene hydrogen 
atoms of the two methylene groups linking the amino acid to the 
aromatic ring. 
The multiplets integrating to 1:2:1 protons were centered at 
8. 87, 8. 33 and 7.73 delta. These multiplets were attributed to the 4 
proton, the 5 and 6 protons, and the 7 proton of the phthalate ring. By 
comparison, the phthalate ring protons of the parent fluoran in trifluoro­
acetic acid appeared as multiplets centered at 8. 88, 8.05 and 7. 40 delta 
in a 1:2:1 proton ratio. 
The multiplet centered at 7.73 delta integrated to a total of three 
protons. One of these protons was attributed to the 7 proton of the 
phthalate ring. 'IVo of these protons were attributed to the 2' and 7' 
protons of the orcinol ring. By comparison, in the NMR spectrum of 
the parent fluoran in trifluoroacetic acid, there was observed a multiplet 
at 7. 40 delta of two overlapping multiplets. The entire peak integrated 
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to three protons. By inspection of the overlapping peaks, the downfield 
peak was attributed to the 7 proton of the phthalate ring, and the upfield 
peak was attributed to the 2' and 7' protons of the orcinol ring. In the 
NMR spectrum of the parent fluoran, there was observed a multiplet at 
7.20 delta integrating to two protons. This peak was attributed to the 
4' and 5' protons of the orcinol ring. The 4' and 5' proton peak was 
upfield from the peak at 7. 40 delta due to the 7 proton of the phthalate 
ring and the 2' and 7' protons of the orcinol ring. In the NMR spectrum 
of the methyleneiminodiacetic acid derivative, no aromatic peak was 
observed upfield from the 7, 2*, 7' proton peak. Thus, the 4* and 5' 
positions of the methyleneiminodiacetic acid derivative had been 
substituted by the methyleneiminodiacetic acid group. 
In conclusion, analysis of the NMR spectra of the parent fluorans 
and of their methyleneiminodiacetic acid derivatives has shown that no 
substitution occurred in the phthalate ring of the derivatives as evidenced 
by the presence of a 1:2:1 proton ratio in all of the spectra. Integration 
and position of the aliphatic hydrogen atom peaks showed the presence of 
the respective methyl hydrogen atom peaks in both the parent fluoran and 
the derivative, the presence of the eight methylene hydrogen atoms 
attributed to the methylene groups of the four acetic acid groups present 
in the derivative, and the presence of four methylene hydrogen atoms 
atcribuied to the meihylene groups linking the amino acid to the ring in 
the derivative. Integration and position of the one aromatic peak in the 
derivative as compared with the two aromatic peaks in the parent fluoran 
assigned the one peak to the 2' and 7' protons of the derivative and the 
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methyleneiminodlacetic acid groups to the 4* and 5' positions of the 
derivative. Thus the methyleneiminodiacetic acid derivative molecules 
are highly symmetrical, with one methyleneiminodiacetic acid group 
present in each orcinol ring and in positions 4' and 5*. All six 
replaceable hydrogen atoms (four carboxylic acid and two phenol 
entities) of the methyleneiminodiacetic acid derivative exchange 
rapidly with the solvent, trifluoroacctic acid. Thus, alpha-, beta- and 
}:;aniiiia-diincLhyldihydroxyl;liioi-anincthyleneiininodiaceiic acid are 
1*, 8' -dihydroxy-3', 6'-dimethyl-4*, 5'-bis/TJ, N'-di(carboxymethyl)-
aminomethylj/fluoran, 3', 8'-dihydroxy-l', 6'-dimethyl-4', 5'-bis/]N,N'-
di (car boxy methyl) aminomethylj/ fluoran and 3', 6'-dihydroxy-r, 8'-
dimethyl-4', 5*-bis/TJ, N*-di(carboxymethyl)aminomethylJ7fluoran. 
d. Elemental analysis Alpha-, beta-and gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid were analyzed 
for percentage carbon, hydrogen and nitrogen. Oxygen was determined 
by difference. The results are summarized in Table 17. 
The percentage carbon, hydrogen, nitrogen and oxygen 
determined experimentally are consistent with the respective 
theoretical percentages for anhydrous alpha- and beta-dimethyldi-
hydioxjfluoranmethyleneiminodiacetic acid and for the monohydrate of 
gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid. 
e. Residue on ignition The residue on ignition of 0.5 
grams each of alpha-, beta- and gam ma - dimethyldi hydroxyf luoran -
methyleneiminodiacetic acid was found to be less than 0.1 mg. The 
derivatives were therefore void of non-volatile metal impurities. 
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Table 17. The experimental percentage carbon, hydrogen, nitrogen 
and oxygen of alpha-, beta- and gamma-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid and the theoretical 
percentage of CsoHqaOi qNo M. W. 650. 593 and 
C32H30Oi3N2-H2O M.%. 668.608 
Percentage 
Compound Carbon Hydrogen Nitrogen Oxygen 
alpha-dimethyldihydroxy- 58.98 4.89 4.23 31.90 
fluoranmethyleneimino­
diacetic acid 
bcta-dimethyldihydroxy- 57.79 5.30 4.92 31.99 
fluoranmethyleneimino­
diacetic acid 
gamma-dimethyldihydroxy- 56.39 4.82 4.24 34.55 
fluoranmethyleneim ino -
diacetic acid 
theoretical 59.08 4.65 4.31 31.96 
^32^30^13^2 
M.W. 650.593 
theoretical 57.49 4.82 4.19 33.50 
^32%0^13^2"^2^ 
M.W. 668.608 
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f. Fluorescence Alpha- and beta-dimethyldihydroxy-
fluoranmethyleneiminodiacetlc acid are non-fluorescent. Gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid is fluorescent at 
pH ^ 2.1. Gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic 
acid is a potential selective metallofluorochromic indicator for calcium 
in alkaline solution. At pH 11, there is a marked increase in 
fluorescence on the addition of CaCl2 to a solution of gamma-dimethyl-
dihydroxyfluoranmethyleneiminodiacetic acid, a very slight increase 
in fluorescence on the addition of MgCl2 and no effect on fluorescence 
on the addition of AJCI3. 
g. Solubility in non-aqueous solvents The solubility of 
alpha-, beta- and gamma-dimethyldihydroxyfluoranmethyleneimino-
diacetic acid was qualitatively determined in a number of solvents. 
Of the solvents tested, alpha-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid was slightly less soluble than beta-dimethyldihydroxy-
fluoranmethyleneiminodiacetic acid in a given solvent; and gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid was slightly 
more soluble than beta-dimethyldihydroxyfiuoranmenthyleneiminodiacetic 
acid. 
The solubility of beta-dimcihyldihydroxyfluoranmethyleneimino-
diacctic acid in a number of solvents is summarized in Table 18. . 
In general, the derivatives were highly insoluble, both cold and 
hot, in the many solvents tested. The dissolution rate, both hot and 
colc^was very slow. Each solvent and solid was allowed to stand for 
four hours at each dissolution attempt. The derivatives were somewhat 
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Table 18. Solubility of beta-dimethyldihydroxyfluoranmethyleneimino-
diacetic acid in various solvents 
Solvent Solubility^ Cold Hot 
Acids 
Formic SS S 
Glacial acetic VSS SS 
Acetic anhydride I I 
3 M Hydrochloric I SS 
conc. Hydrochloric S 
9 M Sulfuric S S 
T rif luoroac etic SS S 
Bases 
1 M Sodium hydroxide S S 
Pyridine VSS SS 
Dimethylformamide SS S 
Aniline I VSS 
conc. Ammonia SS 
Ethylenediamine S S 
Sulfur compounds 
Dimethyl sulfoxide SS S 
Sulfolane I VSS 
ntners 
Diethyl ether VSS 
1, 4-Dioxane I 
Alcohols 
Ethyl I VSS 
Methyl I VSS 
n-Butyl I VSS 
t-Butyl I VSS 
Aldehydes and ketones 
Acetone I VSS 
Methyl iso-butyl ketone I I 
Acetaldehyde I I 
Benzaldehyde I I 
S = Soluble, 
SS = Slightly soluble, 
VSS = Very slightly soluble, 
Î = Insoluble. 
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Table 18. (Continued) 
Solvents Solubility 
Cold Hot 
Aromatic solvents 
Benzene I I 
Toluene I I 
Nitrobenzene I I 
Benzonitrile I I 
Miscellaneous solvents 
Water I I 
Chloroform I I 
Acctonitrile I I 
Ethylene dichloride I I 
Methylene dichloride I I 
Ethyl acetate I I 
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soluble in formic acid, trifluoroacetic acid, dimethyl sulfoxide, alkaline 
aqueous solution, ethyl enediamine and pyridine. 
h. Titration in non-aqueous solvents Alpha-and gamma-
diraethyldihydroxyfluoranmethyleneiminodiacetic acid were dissolved in 
ethylenediamine and titrated potentiometrically with tetraethylammonium 
hydroxide in ethylenediamine. Beta-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid was dissolved in pyridine and titrated potentiometri­
cally with tetraethylammonium hydroxide in pyridine. The data was 
plotted as mV versus volume titrant. One end point was observed, 
(Figures 32, 33, and 34) corresponding to four moles of base added per 
mole of derivative. 
The equivalent weight of alpha-, beta- and gamma-dimethyldi-
hyiiDxyfluoianmethyleneiminodiacetic acid was 161.40, 163, 54 and 171.21. 
The theoretical equivalent weight of anhydrous and monohydrate 
derivative is 162.65 and 167.15. (The M. W. of the anhydrous derivative 
is 650. 593, of the monohydrate 668.608.) This corresponds to a purity 
of 9v. 23 per cent and 99. 45 per cent of the anhydrous alpha- and beta-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid 97. 63 per cent of the 
monohydrate gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic acid. 
Beta-dimethyldihydroxyfluoranmethyleneiminodiacetic acid was 
soluble in pyridine. Pyridine has a of 1.71 x 10-^ (ref. Rubber 
Handbook, 1963) and a dielectric constant of 12.3 at 25° (ref. Lange, 
Handbook of Chemistry, Tenth Edition). Alpha-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid, the weakest acid of the three derivatives 
required a stronger base, ethylenediamine, as a solvent. Ethylene-
diamine lias a Ky of 8. 5 x 10"^ (ref. Rubber Handbook, 1963) and a 
dielcctric constant of 14. 2 at 25° (ref. Lange, Handbook of Chemistry, 
Figure 32. Non-aqueous potentiometric titration of alpha-
dimethyldihydroxyfiuoranmethyleneiminodiacetic 
acid in ethylenediamine with tetraethylammonium 
hydroxide 
0.1922 g. acid 
0.1426 N tetraethylammonium hydroxide 
- 6 CO 
-500 
e 
-200 
- 5C 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
•  i  i ^  l i  1  • i  ^ . .1  .  —— i»—m —1..c .— 
Tetraethylammonlum hyiroxlde - ml. 
Figure 33. Non-aqueous potentiometric titration of beta-
dimethyldihydroxyfluoranmethyleneiminodiacetic 
acid in pyridine with tetraethylammonium 
hydroxide 
0.2468 g. acid 
0.1240 N tetraethylammonium hydroxide 
-Uco 
-350 
-300 
-250 
-200 
-150 
-100 
Tetraethylammonlum hydroxide - ml. 0 
Figure 34. Non-aqueous potentiometric titration of gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic 
acid in ethylenediamine with tetraethylammonium 
hydroxide 
0.2191 g. acid 
0.1063 N tetraethylammonium hydroxide 
740 -
-720 
-660 
-640 
—62 0  
-600 
-560 
-500 
Tetraethylanunonlum hydroxide - ml. 
—480 
-460 
Tenth Edition). As a matter of convenience and speed, 
ethylenediamine was chosen as the solvent for the titration of gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic ac id. 
The choice of a specific non-aqueous solvent was governed by 
that solvent's basicity, dielectric constant, and solubility of solute. 
The more strongly basic a solvent is, the more completely will a given 
acid be ionized in that solvent. Thus basic solvents "enhance" the acid 
properties of weak acids. Solvents having a high dielectric constant 
facilitate charge separation and promote ionization. The solvent 
chosen must have a dielectric constant greater than 5 or the high 
resistance of the circuit renders potentlometric methods unsuitable. 
The acid functions of the derivatives in order of decreasing acid 
strength are the two carboxylic acid groups, the two phenolic groups 
and the two ammonium groups. The four strongest acid groups were 
titrated, that is, the two carboxylic acid and the two phenolic groups. 
i. Acid dissociation constants by potentiometric titration 
The second, third and fourth acid dissociation constants of alpha-, beta-
and gam ma-dimethyldihydroxyf luoranmethyleneiminodiacetic acid were 
determined by indirect potentiometric titration. A solution of the 
derivative in a known excess of sodium hydroxide was back-titrated 
potentiometrically with standard hydrochloric acid solution. The 
titration curves obtained are shown in Figures 22, 23, 24 and 25. 
The first acid dissociation constant was better determined by 
solubility measurements. The derivatives are highly insoluble in 
acidic solution; the derivatives precipitate out prior to complete back-
titration with standard hydrochloric acid. The derivatives were too 
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insoluble for direct potentiometric titration with standard sodium 
hydroxide. 
Two breaks were observed in each titration curve. The first 
break was due to the titration of excess sodium hydroxide with 
hydrochloric acid and corresponded to the calculated volume of 
hydrochloric acid required. 
The second break corresponded to two moles of hydrochloric 
acid per mole of derivative and was due to the titration of two phenolic 
groups. 
No third break was observed. However, the derivatives began 
to precipitate before the end of the titration was reached. This 
corresponded to the titration of the two carboxylic acid groups. 
The pK^ and pKg were obtained directly from the titration curve. 
The first break corresponding to the titration of excess sodium hydroxide 
with hydrochloric acid designated 400 per cent titration. The second 
break was designated as 200 per cent titration. At the midpoint of a 
titration, that is, at 50 per cent titration, pH = pK^, where pK^ is by 
definition the negative logarithm of the acid dissociation constant . Thus 
pH = pK^ at 350 per cent titration and pH = pKg at 250 per cent titration. 
In like manner, the pK2 value was obtained directly from the 
titration curve. At 150 per cent titration, pH = pK2. 
The value of pKi obtained directly from the titration data at 
50 per cent titration was in poor agreement with that obtained from 
solubility measurements. The pK^ obtained from solubility measurements 
was considered the better value. Precipitation of the derivative ensued 
at about 60 per cent titration. Thus the premise that pH= pK^ at 
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50 per cent titration does not hold since in solution J-
The results are summarized in Table 19. 
If the premise that pH = pK^ at 350 per cent titration, pH = pKg 
at 250 per cent titration, pH = pK2 at 150 per cent titration is true, then 
the addition of a larger amount of standard alkali to a solution of the 
derivative followed by back-titration with standard hydrochloric acid 
should yield the same pK values at the respective percentage of 
titration. This was observed to be the case. The results are 
summarized in Table 20. 
The presence of the one break of 200 per cent titration and the 
absence of inflection in the curve is indicative of uniform distribution of 
the pairs of numerical values of the acid dissociation constants. That 
is, the ratio of to K2 and K3 to is probably less than 100. Thus 
considerable overlap occurs in the titration as two successive steps and 
only two steps are involved at any given pH. 
Each derivative may be represented as H^A and the six 
dissociation steps defined by the successive acid dissociation constants, 
K^, K2, K ^ K4, K5 and by the equations: 
(14) 
H5A' = H+ + H4A-2 K2 = 
^ ^ /b=;a- 7 
J J 
zji4a-2j^ 
(15) 
(16) 
h^a"^ = + h2a-4 k4 = '*J 
^ ^ ^ £h3a-^j7 
(17) 
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Table 19. Acid dissociation constants of alpha-, beta- and gamma-
dimethyldihydroxyfluoranmethyleneiminodiacetic acid 
Compound P^a 
alpha-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid 
piq 
pKl 
2.98 
3.00 
pK^ 3.11 
pK2 5.95 
P^S 8.92 
PK4 9.83 
beta-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid 
pKi 
pKi 
2.44 
2.74 
pKi 3.44 
P^2 4. 30 
pKg 7.33 
PK4 8. 81 
gamma-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid 
pKi 
pKi 
2.38 
2.81 
pKf 3.43 
3. 74 
pKg 5.75 
PK4 6.73 
where pK^ is the pK value calculated by use of the pK^ value; 
pK is the pK value determined from titration data; 
pK® is the pK value determined from solubility data. 
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Table 20. Acid dissociation constants of beta-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid upon addition of 25.00 ml. and 
50. 00 ml. standard sodium hydroxide solution and back-
titration with hydrochloric acid 
25.00 ml. standard 50.00 ml. standard 
pK^ sodium hydroxide sodium hydroxide 
p K ^  2 . 7 4  3 . 0 0  
pK2 4.30 4.41 
pk3 
pk4 
7.33 7.42 
8.81 8.87 
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-4 ^ h2a =h+ + ha^ k5 = / t ï2a-4_7 (18)  
HA"5 = H+ + A"^ (19) 
Considering: the fourth dissociation step as a monobasic acid, 
the midpoint pH (at 350 per cent titration) may be taken as a value for 
the negative logarithm of the acid dissociation, 
pK^ = pH . . = 9. 83, 8. 81 and 6. 73 for alpha-, beta-
^ ^ (350 per cent titration) 
and gamma-dimethyidihydroxyfluoranmethyleneiminodiacetic acid. 
Considering the second dissociation step as a monobasic acid, 
the midpoint pH cent titration) 5.95, 4.30 and 
3. 74 for alpha-, beta- and gamma-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid. 
A more elaborate way of doing the same thing is to use the 
observed pH at various stages of the titration and Equation (20) as 
obtained by rearranging Equation (17). 
K4 = ^3A-3J7 (17) 
n^ j = 
zh3a'^j7 
-\0%iy&J = - log K4 - log £H2A-4_7 
^-r2a-47 
pH = pK4 + log /Ti3A"^_7 (20) 
For /Ji3A"^_37, the untitrated acid, the successive values of a, a = 0. 30, 
0.40, . . .0.70 were used, for /jFi2A""J7, the salt formed, 1.00 - a. 
The values obtained for alpha-dimethyldihydroxyfluoranmethylene-
iminodiacctic acid were: 
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a pH pK4 
0. 30 9.30 +0.37 8.93 
0.40 9.07 +0.18 8.89 
0.50 8.81 0.00 8.81 
0.60 8.64 -0.18 8. 82 
0.70 8.46 -0. 37 8.83 
1.00-a 
Average: pK^ = 8.85 
A plot of pll vs log i gave a straight line having the theoretical 
slope of 1.0. The pK^ value obtained directly from the titration curve 
a t  p l l  p ç j .  t i t r a t i o n )  "  
The values obtained for gamma-dimethyIdihydroxyfluoran-
methyleneiminodiacetic acid were: 
0. 30 
0.40 
0.50 
0. 60 
0.70 
JÉL. 
7.10 
6.84 
6.73 
6.56 
6.34 
+log 1.00-a 
+0. 37 
+0.18 
0.00 
-0.18 
-0. 37 
pk4 
6. 73 
6. 66 
6. 73 
6.74 
6.71 
A plot of pH as log 1.00-a 
Average: pK^ = 6.71 
gave a straight line having the theoretical 
slope of 1.0. The pK^ value obtained directly from the titration curve at 
p" (350 per cent titration) = 
The successive dissociation constant pKg was determined by 
considering the successive steps in pairs. For a given dibasic acid, 
the ionization reactions and the two acid dissociation constants are: 
HgA = + HA 
ha" = h'^+a"^ 
Ki = 1 " [li2kj 
k2 = 
(21) 
(22) 
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Multiplication of Equation (9) by (10) gives 
^2 DA^kJCBKJ 
(23) 
As applied to the determination of the third dissociation constant of the 
derivative , 
<24) 
At 300 per cent titration, theoretically only HgA"^ should be present. 
Actually, some ^2^'^ has formed and some H^A'^ remains untitrated, 
the amounts of the two being equal: 
£Rih-^ J = 
Equation (12) then becomes 
û^ j = .JWï 
(25) 
or 1/2 pK.g = pH (300 per cent titration) " -/2 pK^ 
For alpha-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
pH = 9.42 (30P cenc titration) P'^4 = 81. gives 
1/2 pKg = 9.42 - 1/2 (9.81) 
pKg = 9.04 
The pKg value determined directly from the titration curve at 
(350 per cent titration) ~ ^^3 8.92. 
For beta-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
pH = 8. (X) (300 per cent titration) P'^4 = «5, gives 
1/2 pKg = 8.00 - 1/2 (8.85) 
pko = 7.16 
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The pKg value determined directly from the titration curve at 
(250 per cent titration) ~ 
F or gamma-dimethyldlhydroxyfluoranmethyleneiminodiacetic 
acid, pH at (300 per cent titration) ~ 17 and pK^ = 6.71, gives 
1/2 pKg = 6.17 - 1/2(6.71) 
pKg = 5.64 
The pKg value determined directly from the titration curve at 
(250 per cent titration) ~ 5.75. 
The value for pK2 was obtained in a manner similar to pK^, 
since an end point ar^^oo per cent titration) observed. 
K, = (26) 
zp5a-j 
- log Û^J= - log ^2 - log 
z?4a"2j^ -
pH = pK2 + log /_^A- 2/ (27) 
For /TigA" J7' chG untitrated and the successive values of a, 
a = 0. 3Q 0.40, . . . 0.70, were used, for ^he salt 
formed, 1.00 -a. 
The values obtained for alpha - dimethyldihydroxyfluoranm ethylene-
iminodiacetic acid were: r -j 
1.00-3  I 
a pK +logL ^ J pK2 
0.30 6.44 -K).37 6.07 
0.40 6.21 +0.18 6.03 
0.50 5.95 0.00 5.95 
0.60 5.68 -0.18 5.86 
0.70 5.56 -0.37 5.93 
Average: pK2=5.97 
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11. 00-ai A plot of pH vs. log M~a— gave a straight line having the 
theoretical slope of 1.0. The pK2 value obtained directly from the 
titration curve at pH titration) = P'^2 5.95. 
The values obtained for beta-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid were: - -
+ log 1.00-a 
a pH . a _ pK^ 
0.30 6. 44 40.37 6.07 
0.40 6.21 40.18 6.03 
0. 50 5.95 O.'OO 5.95 
0.60 5.68 -0.18 5. 86 
0.70 5.56 -0.37 5.93 
A plot of pH vs. log [^ ] Average: pK2 = 5.97 gave a straight line having the theoretical 
slope of 1.0. The pK2 value obtained directly from the titration curve 
at pH pgj, ceYit titration) 5.95. 
The values obtained for beta-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid were: 
0.30 
0.40 
0.50 
0.60 
0.70 
4.69 
4. 57 
4. 30 
4.09 
3. 87 
+ log Ic 00-a L a J 
+0.37 
+0.18 
0.00 
-0.18 
-0.37 
p^2 
4.32 
4.39 
4.30 
4.27 
4. 24 
A plot of pH vs. log 
1.00-a 
Average: pK2 = 4. 30 
gave a straight line having the theoretical 
slope of 1.0. The pK2 value obtained directly from the titration curve 
at pH (150 per cent titration) ~ P^2 
The values obtained from gamma-dimethyldihydroxyfluoran-
methyleneiminodiacetic acid were: 
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a bh pk2 
0.30 
0.40 
0. 50 
0.60 
0.70 
4.14 
3.98 
3.74 
3.59 
3.44 
+0.37 
40.18 
0.00 
-0.18 
-0.37 
3.77 
3.80 
3.74 
3.77 
3.81 
A plot of pH vs. log [_" 
Fl.OO-a! 
L ^ J 
Average: pK2 = 3.78 
gave a straight line having the theoretical 
slope of 1.0. The pK2 value obtained directly from the titration curve 
at pH pg]. cent titration) ~ P^2 
The successive dissociation constant pKj^ can be determined by 
considering the successive steps in pairs. By analogy to the 
determination of pKg by Equation (25). 
1/2 pKj^ = pH (100 per cent titration)" PK2 
For alpha-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
pH (100 per cent titration) = 4. 47 and pKg = 5.95, gives 
1/2 pKi = 4. 47 = 1/2 (5.95) 
pKi = 2.98 
The pKi value obtained directly from the titration data was 3.00 and 
from solubility measurements was 3.11. 
For beta-dimethyldihydroxyfluoranmethyleneiminodiacetic acid, 
(100 per cent titration) ~ P^2 ~ gives 
1/2 pK^ = 3.37 - 1/2 (4.30) 
pKi = 2. 44 
The pKi value obtained directly from the titration data was 2.74 and 
from solubility measurements was 3. 44. 
F or gamma -dimethyldihydroxyfluoranmethyleneiminodiacetic 
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acid, pH (100 per cent titration) = 3.06 and pKg = 3.74, gives 
1/2 pKi = 3.06 - 1/2 (3.74) 
pKj^ — 2. 38 
The pKi value obtained directly from the titration data was 2.81 and 
from solubility measurements was 3.43. 
In conclusion, the acid dissociation constants of each of the 
Mannich condensation products have been determined and assigned to 
specific groups in the molecules. 
Compound P^l(Cl) P^2(C2) P^3^^1^ P^4<P2) 
alpha-dimethyldihydroxyfluoran- 3.11 5.95 8.92 9.83 
methyleneiminodiacetic acid 
beta-dimethyldihydroxyfluoran- 3.44 4.30 7.33 8.81 
methyleneiminodiacetic acid 
gamma-dimethyldihydroxyfluoran- 3.43 3.74 5.75 6.73 
methyleneiminodiacetic acid 
(C) representing a carboxyl group and (P) a phenolic group. 
The phenolic protons in the derivatives are stronger acids than 
in the parent compounds owing to the presence of the positive charge on 
the neighboring nitrogen sxoin (Zwitter ion). 
j. Acid dissociation constants by solubility measurements 
The determination of the acid dissociation constants of the derivatives 
was by both potentiometric and solubility methods. The potentiometric 
titrations of alpha-, beta- and gamma-dimethyldihydroxyfluoranmethylene-
iminodiacetic acid (Figures 22-25 ) show two end-points, one at 200 per 
cent titration and one at 400 per cent titration. However, the derivatives 
did not dissolve completely until just before 100 per cent titration. Thus, 
it was not possible to calculate the first acid dissociation constant 
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directly from the titration curve. 
The first acid dissociation constant of the carboxylic proton of 
alpha-, beta- and gamma-dimethyldihydroxyfluoranmethyleneiminodiacetic 
acid was determined by the method of Krebs and Speakman (9). This 
method is based on the solubility of an acid as a function of pH. The 
data obtained are summarized in Table 10. 
For a given monobasic acid, HA, the theory can be summarized 
as follows: 
HA = H'^+A" (28) 
Ka = ^ (29) 
The acid is present in solution in the two forms HA and A", The relative 
amount of HA and A" present is a function of pH. The total material in 
solution, the solubility Sq, is the sum of the neutral molecule and of the 
anion in solution. 
50 = ZHA:7+^"^ (30) 
It is assumed that the solubility of the unionized acid is constant over 
the pH range. The solubility of the neutral molecule, HA, is the 
intrinsic solubility, S^. Such that, 
51 = (31) 
and Sq = QC J (32) 
from the equilibrium expression, 
« • W 
such that Sq = (34) 
At high hydrogen ion concentration, S, approaches S^. The activities of 
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the neutral molecule and the anion are assumed to be one. 
Rearrangement of Equation (34) gives 
^o - ^ i Z? antilog (pH - pK^) _7 (35) 
Rearrangement of Equation (35) gives 
pK = pH - log 1^-1 i (36) 
J 
Prior to use of Equation(36), must be determined. can be 
determined by plotting Sq versus 1/ According to Equation (34) 
extrapolation of to 0 gives (Figures 26,27,28 ). The acid 
dissociation constant was then calculated using Equation (36) and by 
plotting log /nSo/Sj - l_y versus pH. In the latter case, the pK^ is the 
pH at which the straight line intersects the abscissa. Both methods 
yielded essentially identical results. The results are summarized in 
Table 21. 
Table 2J, Acid dissociation constants of the carboxylic acid group proton of alpha-, beta- and 
gamma-diniethyldihydrox>^luoranmethyleneiminodiacetlc acid determined from 
solubility measurements 
Compound ^ 
(mg./lOO ml.) (mg./lOO ml.) (Equation 36) (graph) 
alpha-dimethyldihydroxyfluoran- 0.930 
methyleneiminodiacetic acid 
beta-dimethyldihydrox>^luoran- 4.662 
methyleneiminodiacetic acid 
gamma-dimethyldihydroxyfluoran- 17.10 
methyleneiminodiacetic acid 
2. 13 1.031 3.09 
2. 56 1.197 3.10 
2.67 1.258 3.12 
2.95 1.577 3.11 3.10 
3.11 (Average) 
2. 31 5.014 3.43 
2. 55 5.256 3.45 
2. 80 5.738 3. 44 
3.05 6.623 3.43 3.43 
3.44 (Average) 
2.48 19.10 3.41 
2.90 21.73 3.47 
3 . 2 2  27.91 3.42 
3.47 37.15 3.40 3. 43 
3. 43 (Average) 
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IV. SUMMARY 
Three new metallofluorochromic indicators, derived from three 
dimethyldihydroxyfluorans by the introduction of a chelating group, have 
been prepared and studied. 
Three previously known dimethyldihydroxyfluorans, alpha-, beta-
and gamma-dimethyldihydroxyfluoran, have been prepared, separated 
and purified by a new method, and characterized. The purity, compo­
sition, structure and properties of each of these compounds have been 
established, the various techniques used being mass spectroscopy, 
infrared spectroscopy, nuclear magnetic resonance spectroscopy, 
fluorescence, elemental analysis, residue on ignition, solubility in 
non-aqueous solvents, titration in non-aqueous solvents, determination 
of equivalent weight by neutralization and determination of 
dissociation constants. 
The methyleneiminodiacetic acid derivatives of each of the three 
dimethyldihydroxyfluorans have been prepared, purified, and studied as 
mctallofluorochromic indicators. The methyleneiminodiacetic acid 
groups have been introduced into the parent fluoran by condensation with 
formaldehyde and iminodiacetic acid (Mannich reaction). The composition 
and structure of the derived compounds have been established by mass 
spectroscopy, infrared spectroscopy, nuclear magnetic resonance 
spectroscopy, elemental analysis, residue on ignition, solubility in 
non-aqueous solvents, fluorescence, titration in non-aqueous solvents, 
determination of equivalent weight by neutralization and determination 
of acid dissociation constants. 
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Following the synthesis by condensation of phthalic anhydride 
and orcinol in fuming sulfuric acid, the three dimethyldihydroxyfluorans 
have been separated by extraction from ether into water buffered at 
various values of pH from 7 to 13. This separation is based on 
differences in the strengths of the three isomers as acids, the acidity 
decreasing in the order gamma-, beta- and alpha-dimethyldihydroxy-
fluoran. 
The original structure assignments of the parent fluorans by 
Orndorff and Allen (12) proved to be correct. Their alpha-, beta- and 
gamma-dimethyldihydroxyfluoran are 1', 8'-dihydroxy-3', 6'-dimethyl-
fluoran, 3% 8'-dihydroxy-i', 6'-dimethylfluoran and 3', 6'-dihydroxy-
1', 8 ' - dim echylf luoran. 
The mass spectra, infrared spectra and NMR spectra of the parent 
fluorans are consistent with the assigned structures. In the NMR spectra, 
the peaks observed were assigned to the protons of the phthalate ring, 
the protons of the orcinol ring and the protons of the two methyl groups 
on the basis of position in the spectrum and integration. 
Of the parent fluorans, only the gamma isomer (3% 6'-dihydroxy-
1', 8'-dimethylfluoran) is fluorescent. 
The equivalent weight and purity of the parent fluorans have been 
determined by potentiometric non-aqueous titration in ethanol and 
pyridine with standard sodium hydroxide; two replaceable hydrogen 
atoms per molecule have been observed. 
The first acid dissociation constants of the parent fluorans have 
been determined by spectroscopic and solubility methods. 
The mass spectra and infrared spectra of the methylencimino-
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diacetic acid derivatives of the parent fluorans are consistent with the 
structures that have been assigned. The presence of both a free 
carboxyl and a carboxylate anion was observed in the infrared spectra. 
Analysis of the NMR spectra of the derivatives indicates that 
the molecule is highly symmetrical and with one m et hyleneim inodiacet ic 
acid group present in each orcinol ring, that is, at positions 4' and 5*. 
The fluorescence of the gamma derivative (3', 6'-dihydroxy-l', 8'-
dimethyl-4', 5'-bis N'-di(carboxymethyl)aminomethyl_y fluoran) at 
pH 11 has been found to be enhanced by the addition of calcium and 
magnesium. 
The equivalent weight and purity of the derivatives have been 
determined by potentiometric non-aqueous titrations in pyridine and 
ethylenedi? Tiine with standard tetraethylammonium hydroxide; four 
replaceable hydrogen atoms per molecule were observed. 
The acid dissociation constants of the derivatives have been 
determined by potentiometric, spectroscopic and solubility methods 
and assignments made of the various acid functions to specific groups 
in the molecules. 
The gamma derivative (3', 6'-dihydroxy-i', 8'-dimethyi-4', 5'-
bis /[R, N'-di(carboxymethyl)aminomethy]// fluoran) has been found to 
function as a metallofluorochromic indicator for calcium and magnesium 
in alkaline solution. The alpha- and beta- derivatives (!', 8'-dihydroxy-
3', 6'-dimcthyl-4', 5'-bis /Ji, N'-di(carboxymethyl)aminomethylJ7fluoran 
and 3', H'-dihydroxy-i % 6'-dimcchyi-4', 5'-bis /jSl, N'-di(carboxymethyl) 
aminomethylj/fluoran) and the alpha- and beta- parent fluorans (!', 8'-
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dlhydroxy-S', 6'-dimethylfluoran and 3*, 8'-dihydroxy-l*, 6'-dimethyl-
fluoran) do not fluoresce and do not become fluorescent on the addition 
of calcium or magnesium. 
192 
V. BIBLIOGRAPHY 
1. Anderegg, G., Flaschka, H., Sallmann, R., and Schwa rzenbach, 
G., Helv. Chim. Acta, 113(1954). 
2. Baeyer, R., Ann. (Liebig) 372, 120 (1910). 
3. Bhacca, N. S., Mollis, D. P., Johnson, L. F., and Pier, E. A., 
Instrument Division of Varian Associates, High Resolution NMR 
Spectra Catalog, The National Press, 1963. 
4. Biedermann, W, and Schwarzenbach, G. Chimia (Swiss), 2, 56 
(1948). ~ 
5. Diehl, H. and EUingboe, ]. L., Anal. Chem., 28, 882 (1956). 
6. Diehl, H. and EUingboe, J. L., Anal. Chem., 1120, (1960). 
7. Diehl, H. and Lindstrom, F., Anal. Chem., 414(1959). 
8. Hefley, A. J., Structure and Uses of Chelating Derivatives of 
Fluorescein, unpublished Ph. D. thesis. Library, Iowa State 
University of Science and Technology, Ames, Iowa, 1967. 
9. Krebs, H, A. and Speakman, I. C., J. Chem. Soc., 1945, 593 
(1945). 
10. Meyer, R., Berichtc, 2627 (1896). 
11. Nakamoto, Kazuo, Morimoto, Yukiyoshi, and Martell, Arthur E., 
J. Am. Chem. Soc. M, 2081 (1962). 
12. Orndorff, W. R. and Alien, E. R., J. Am. Chem. Soc., 1915, 
1201 (1915). 
13. Schwarzenbach, G., Anderegg, G. and Sallmann, R., Helv. Chim. 
Acta, 1785 (1952). 
14. Schwarzenbach, G., Anderegg, G. and Sallmann, R., Helv. Chim. 
Acta, 1794 (1952). 
15. Silverstein, Robert M. and Bassler, G. Clayton, Spec tro metric 
Iden t i f i ca t ion  o f  Organ ic  Compounds ,  2nd  ed ,  New York ,  N .  Y . ,  
John Wiley and Sons, Inc., cI967. 
193 
VI. ACKNOWLEDGMENTS 
The author expresses her appreciation to Dr. Harvey Diehl for his 
suggestion of the problem presented here and for his counsel throughout 
the course of this work. She also expresses her appreciation to her 
family whose patience, understanding and moral support made graduate 
work possible. 
